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FOREWORD 


This  is  another  in  the  series  of  reports  being  assembled  for  each 
field  season  of  the  Juneau  Ice  Field  Research  Project  which  has  been 
continued  under  the  sponsorship  of  the  American  Geographical  Society 
through  contract  (Task  Order  N9onr-83001)  with  the  Office  of  Naval 
Research.  This  project,  in  addition,  has  received  supplies  and  field 
support  from  the  Departments  of  the  Army,  Navy  and  the  Air  Force,  and 
from  other  governmental  and  private  agencies. 

The  primary  purpose  of  the.  1951  winter  expedition  was  to  extend 
the  glaciologi  >•  .i  .?nd  meteorological  investigations  of  the  previous 
summer  seasons  with  special  emphasis  on  studies  of  the  winter  onviron- 
ment.  A description  of  the  research  techniques  employed  and  a pre- 
sentation of  the  basic  information  obtained  are  given  in  the  following 
pages.  Some  preliminary  interpretations  have  been  made;  however,  the 
essential  objective  of  this  report  is  to  make  the  significant  data 
available,  leavirg  the  full  analysis  for  a later  date. 

Grateful  acknowledgement  is  given  to  my  wife,  Joan,  for  typing 
and  editorial  assistance  in  the  preparation  of  the  manuscript.  Ac- 
knowledgment is  also  made  of  the  drafting  services  of  Jean  Tremblay 


and  Leslie  Thurston 
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I.  INTRODUCTION 


Tinder  the  auspices  of  the  American  Geographical  Society,  an  eight-man 
party  occupied  two  main  camps  of  the  Juneau  Ice  Field  Research  Project  in  the 
Taku  River  district  of  Southeastern  Alaska  (Figures  1 and  2)  from  January  26 
to  February  26.  This  expedition  was  carried  out  under  contract  with  the 
Office  of  Naval  Research  (Task  Order  N9onr-83C01)  and  had  the  cooperation  and 
active  support  of  the  Departments  of  the  Air  Force  and  Army,  the  U.  5.  Forest 
Service,  and  a number  of  other  civilian  and  government  agencies. 

The  Juneau  Ice  Held  Research  Project  was  organized  as  a long-range, 
integrated  scientific  study  of  the  Juneau  Ice  Field.  Detailed  investigations 
were  initiated  in  191*8  and  continued  in  the  summer  seasons  of  19 1*9  and  1950* 
The  primary  purpose  of  the  1951  winter  expedition  was  to  extend  the  glacic- 
logical  and  meteorological  research  program.  Specifically,  it  was  planned 
tc  gather  information  on  the  mid-winter  climatological  character  of  the  ice 
field,  with  emphasis  on  surface  regimen  and  englacial  temperature  conditions 
ac  that  time  of  year.  In  addition,  some  mid-winter  observations  of  current 
interest  to  glaciologists  were  planned  concerning  certain  fundamental 
problems  in  the  metamorphosis  of  snow  and  in  the  internal  structure  and 
movement  of  glaciers. 

Data  were  obtained  so  that  when  correlated  with  observations  from  other 
seasons  of  the  year  they  would  provide  a firmer  basis  for  evaluation  of  the 
Taku  Glacier's  annual  and  long-range  budget.  Information  was  also  gathered 
to  help  in  the  practical  planning  of  future  operations  on  the  Juneau  Ice 
Field  during  the  colder  months  of  the  year  and  to  ooint  the  way  to  formulating 
a more  comprehensive  scientific  program  in  subsequent  winter  seasons. 

II.  PERSONNEL 

In  add:*  tion  to  the  six  civilian  members  of  the  field  party,  two  ex- 
perienced weather  observers  from  the  U.  S.  Air  Force  Arctic  VJe?.'+he"  Centra! 
in  Anchorage  were  invited  to  joj.n  lh«  project.  The  following  mew  n^e  up  the 
roster  of  personnel.  The  ngure  in  parenthesis  after  each  name  lndicaoea  cue 
number  of  prey* expeditions  of  the  Juneau  Ice  Field  Research  rrojcel  in 
which  each  man  had  participated. 

M.  M.  Miller:  American  Geographical  Society  Project  director, 

glaciologist  (3) 

F.  A.  Small:  Goddard  College,  assistant  glaciologist,  field- 

secretary  (1) 

Dr.  T,  R.  Haley:  Flower  Fifth  Avenue  Hospital,  New  York  City,  medical 

officer  (1)  ■ 

F.  A.  Milan:  University  of  Alaska,  meteorologist,  communications 

and  over-snow  vehicle  mechanic  (1) 

A.  . Thomas:  U.  S.  Forest  Service  representative,  logistics  (3) 
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Sgt.  C.  E.  Anderson: 

U.  S.  Air  Force  reoresentative, 

(1) 

weather  observer 

Sgt.  A.  Schneider: 

U,  S.  Air  Force  representative, 

weather  observer 

T.  Me Cahill: 

pilot,  liaison  in  Juneau 

III.  OPERATIONS 

The  advance  party  arrived  in  Juneau  on  January  20th  in  or  ' >r  to  assemble 
equipment  and  to  make  ready  the  oversnow  vehicles.  Small  and  Anderson  were 
flown  to  the  main  camp  on  the  ice  field  on  January  26th  in  a light  ski-equipped 
aircraft.  They  were  followed  in  the  next  few  dajfs  by  the  remaining  members  of 
the  party.  By  February  3rd  all  personnel  were  on  the  upper  Taku  Glacier,  and 
uhe  field  program  was  well  underway.  Two  camps  were  re-occupied  from  the  pre- 
vious summer's  network.  These  were  Camp  10,  the  main  research  station  on  a 
rock  island  near  the  center  of  the  ice  field  at  3,862  feet  elevation  and  Camp 
10B,  a mile  and  a quarter  out  on  the  surface  of  the  glacier  at  approximately 
3,600  feet  elevation. 


From  the  standpoint  of  effective  field  operations,  it  was  soon  apparent 
that  February  meteorological  conditions  produce  a characteristic  arctic  regime 
on  the  higher  reaches  of  this  ice  field.  The  rapidly  changing  nature  of  the  1 
snow  surface  due  to  snowfall,  compaction,  wind  drift  and  corrasion,  was  an  im- 
pressive contrast  to  that  of  the  summer  months.  The  minimum  temperature 
experienced  at  the  winter  camps  during  this  period  was  30°  below  zero  Fahrenheit 
3h,li°C,)  with  -winds  on  some  occasions  reaching  70  mile3  per  hour  in  prolonged 
gusts.  One  stretch  of  blizzard  weather  lasted  ten  days,  during  which  time  the 
tents  of  the  upper  Taku  Glacier  camp  were  buried  in  at  least  72  inches  of  new, 
dry  powder  snow.  The  first  two  weeks  of  February  were  continuously  clear, 
although  temperatures  remained  consistently  well  below  zero.  The  dry  cold  as- 
sociated with  these  clear  skies  was  never  so  frigid  (even  at  ~25°F.)  that  work 
.train  not-  be  carried  on  outside.-*-  The  basic  weather  records  at  each  camp 
prntrj.de  a useful  comparison  with  those  maintained  at  the  same  time  at  low  level 
stations  in  Juneau  and  at  mining  camps  on  the  east  -side  of  the  ice  field. 


The  well-  insulated  cabin  at  the  research  station  provided  comfortable 
headquarters . Double-walled,  hexagonal  tents,  being  tested  for  the  Army 
Quartermaster  Corps  at  the  glacier  camp,  were  also  quite  satisfactory.  When 
a Coleman  gasoline  heater  was  used  in  these  tents,  the  inside  of  the  outer  walls 
would  become  sheathed  with  ice  and  transform  the  structure  into  a veritable 
igloo.  At  the  top  of  the  tent,  temperatures  would,  reach  90  or  more  degrees  above 
zero  (F«)  in  contrast  to  the  temperatures  of  10  to  30  below  zero  outside.  A 
large  igloo  was  constructed  at  the  glacier  camp  for  the  storage  of  gasoline  and 
supplies  flown  in  on  the  ski  plane. 


-*-This  would  probably  not  be  true  in  more  northerly  and  more  contxnental  climates 
during  the  same  months  of  the  winter.  It  emphasizes  the  value  of  this  region 
as  a winter  test  area  and  scientific  field  laboratory,  since  in  more  severe  cold 
such  outside  work  must  often  be  curtailed. 
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Fig.  ].  i.ocation  map  of  the  Juneau  lee  Field  in  Southeastern  Alaska.  Mod 
Tied  from  the  IJ.  S.  Geological  Survey’s  “Alaska”  Map  A.  1:5.000.000. 


Fig.  2.  Sketch  map  of  the  Juneau  lee  Field  and  vicinity  showing 
meteorological  stations. 
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Mo  travel  wag  undertaker  t«  ether  localities  on  the  ice  field,  since 
the  investigations  were  largely  detailed  and  "laboratory"  in  nature  and 
could  be  concluded  at  the  two  main  camps.  The  expedition  was  fortunate  in 
having  the  use  of  a 160  H.  P.  ski -equipped  Aeronca  Sedan  which  was  employed 
for  all  logistic  support.  During  the  course  of  the  32  days  that  the  party 
was  in  the  area,  tills  aircraft  made  19  rr/und  trip  flights  from  Juneau  to 
the  ice  field,  combining  most  of  them  with  one  or  more  ski  landings. 

Several  reconnaissance  flights  were  also  made  to  other  localities  to  assess 
their  winter  conditions  for  possible  future  travel  am'  potential  winter 
field  work. 

Insufficient  depths  of  new  snow  on  the  lower  laku  and  Norris  glaciers 
precluded  fulfillment  of  original  plans  to  drive  the  expedition's  two  over- 
snow  vehicles  (Army  M29c  "weasels" ) to  the  main  camp  by  an  overland  route 
from  tidewater.  Delivery  v>f  these  vehicles  to  the  ice  field  was  therefore 
postponed  until  the  following  Sumner  in  anticipation  of  sufficiently  heavy- 
spring  snows  filling  in  the  crevasses  at  lower  levels  and  eventually  making 
the  overland  passage  practicable.  This  did  not  prove  feasible,  however, 
and  the  "^easels"  were  parachuted  into  the  area  in  July  1951* 

Evacuation  of  all  personnel  and  records  from  the  ice  field  was  planned 
for  the  end  of  February,  and  to  facilitate  this  an  Air  Force  ski-wheel  C-U? 
from  the  10th  Air  Reucue  Squadron  arrived  in  Juneau  on  February  20th.  Four 
days  of  blizcord  weather  and  deep  fresh  snows  prevented  the  landing  of  this 
aircraft  on  the  glacier.  It  returned  to  Anchorage  on  the  23rd  for  an  engine 
check-up  and  wa3  to  stand  by  for  a flight  back  to  Juneau  on  the  next  clear 
day  to  effect  the  evacuation,  ruruner  storm  warnings,  however,  posted 
along  the  coast  on  the  morning  of  February  26th,  augured  to  close  in  the 
area  for  another  indefinite  period.  Therefore,  taking  advantage  of  a short 
lull  before  this  next  storm,  the  ice  field  party  mads  radio  contact  with 
project's  liaison  in  Juneau.  Arrangements  were  made  with  the  ex- 
pedition’s local  pilot  to  make  six  emergency  flights  with  his  small  ski 
aircraft  to  evacuate  all  personnel.  This  was  successfully  accomplished  the 
afternoon  of  February  26th,  jurt  before  the  expected  storm  broke  and  pre- 
cluded further  flying  for  some  days. 

IV.  SCIENTIFIC  PROGRAM 

The  essential  objectives  of  the  winter  program  were  glaclologlcal 
and  meteorological . Continuous  hourly  synoptic  meteorological  records  were 

maintained  at  the  two  camps  during  the  month  of  February.  These  were  sup- 
plemented  by  records  of  duration  of  sunshine  and  of  thermal  values  of 
incoming  solar  and  sky  radiation  obtained  by  the  use  of  a Campbell -Stokes 
sunshine  recorder  (British  M.  0.  Pattern)  and  an  Eppley  50-juncticn  pyr- 
helioraeter  with  attached  Brown  recorder. 

The  U6-foot  aluminum  tower,  erected  at  Camp  1UB  duxing  the  summer  of 
1950,  was  found  bent  over  at  right  angles  by  heavy  autumn  snows  which 
created  undue  pressure  on  its  guy  ropes.  The  tower  was  spliced  and  re- 
erected. Upon  it  was  placed  a string  of  thermocouples  (thermistor  elements) 
for  air  temperature  readings  up  to  30  feet  above  the  mid-February  snow 
surface.  This,  it  was  hoped,  w^-ild  provide  further  information  on  the  kata- 
batic air  layer  which  is  such  a prominent  feature  of  this  area  of  highland 
ice  during  the  winter  months. 


VTIT-*  ? 


Readings  on  three  setr,  of  englaeial  thermistor  cables  were  made  for 
the  purpose  of  recording  temperatures  to  a depth  of  170  feet.  In  addition, 
periodic  profiles  of  the  physical  characteristics  c.f  the  snow-pack  were  made 

along  the  walls  of  pits  dug  at  Camp  10B  in  order  to  obtain  density,  hardness, 
crystal  grain  size  and  compaction  data  in  the  layers  of  snow  which  had  fallen 
since  the  end  of  the  1950  ablation  season.  Samples  for  the  quantitative  de- 
termination of  chloride  content  were  oaken  at  selected  levels  in  these  pits. 

This  was-  done  in  order  to  supplement  the  laboratory  analysis  being  made  by 
H.  Kothe,  of  the  1950  expedition,  and  by  the  U.3.  Geological  Survey  on  samples 
collected  during  the  previous  August. 

Of  special  interest  was  the  alignment  survey  of  the  2U5-foot  aluminum 
pipe  which  had  been  left  in  one  of  the  vertical  holes  bored  by  core  drilling 
the  previous  summer.  In  this  work  a specially  designed  azimuth- inclinometer, 
with  attached  recording  camera  which  could  be  preset  by  clockwork,  was  used. 
Several  surveys  were  made  during  February  at  20-foot  intervals  inside  the  pipe 
to  determine  its  deformation.  A comparison  of  three  different  periodic  surveys 
of  this  pipe  providesa  basis  for  estimating  the  vertical  velocity  profile  of 
ice  flow  at  depth.  The  first  survey  was  achieved  in  August,  1950  when  the 
pipe  was  implanted,  the  second  during  ne  winter  expedition,  and  the  third 
during  the  summer  of  1951.  By  transit  and  theodolite,  data  were  obtained  for 
the  calculation  of  the  surface  movement  of  the  glacier  at  thi3  site  durixig  the 
February  period  and  also  for  the  time  elapsed  since  summer. 

In  the  following  pages  details  of  the  meteorological  program  are  pre- 
sented and  the  results  and  records  of  the  glaciological  vrork  are  listed  and, 
in  part,  discussed.  The  shortness  of  the  1951  mid-winter  observation ‘’period 
makes  it  advisable  to  refrain  from  drawing  certain  conclusions  until  ad- 
ditional supplementary  information  can  be  integrated  from  field  data  of  later 
seasons.  In  some  cases,  however,  provisional  conclusions  aro  warranted  and 
are  therefore  given.  In  addition,  some  of  the  more  pertinent  techniques  and 
procedures  for  obtaining  the  scientific  data  are  described.  The  factual  in- 
formation presented,  in  some  cases,  is  in  as  complete  a form  as  was  possible 
to  obtain  it  under  the  circumstances  of  field  operation.  In  most  cases, 
however,  only  the  monthly  summaries  are  tabulated  in  the  Appendix,  with  the 
more  detailed  records  (as  hourly  synoptic  meteorological  data)  being  on  file 
and  available  at  the  American  Geographical  Society  and  at  the  pertinent 
weather  stations  in  Alaska.  Details  of  the  procedures  and  logistics  of  this 
expedition  and  reports  on  the  food,  equipment  touted  and  medical,  aspects  are 
presented  in  other  publications.^ 

|? 

■ I 

j » ^See  Haley,  T.  R,,  Marcus,  M.,  Miller,  M.  M.,  and  Small,  F.  A.,  ''Food  Reports 

Juneau  Ice  Field  Research  Project,  Alaska,  June  19k9  to  February  1951", 

J.I.R.P.  Report  No.  3,  Am.  Geog,  Soc.,  New  York,  May  1951,  op  31-39;  Haley, 

T.  R.,  McGollester,  D.  L.,  and  Nicholl,  V.,  "Medical  Reports,  Juneau  Ice  Field 
Research  Project,  Alaska,  June  19U9  to  February  1951",  J.I.R.P.  Report  No.  U. 
Am.  Geog,  Soc,,  New  York,  June  1951,  pp.  33—38 j Miller,  M.  M.,  "Progress 
Report  of  Logistical  Operations,  Juneau  Ice  Field  Research  Project,  Alaska, 
19U9,  1950,  and  1951",  J.I.R.P.  Report  No.  5,  Am.  Geog.  Soc.,  New  York, 

October  1951. 
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A.  METEOROLOGICAL 

The  meteorological  records  obtained  will  be  of  considerable  sig- 
nificance in  the  long-range  climatological  study  when  correlated  with  those 
from  nearby  sea-level  and  radiosonde  stations  and  compared  with  seasonal 
records  from  other  years .3  Thus,  emphasis  was  placed  on  obtaining  records 
as  complete  as  possible.  To  this  end,  the  advance  party  begar  hourly 
standard  weather  observations  at  Camp  10  immediately  upon  arrival  on  Jan- 
uary 26.  At  this  main  base,  records  were  maintained  for  a full  month 
until  February  26th  when  the  party  evacuated  the  station.  To  supplement 
these,  hourly  synoptic  meteorological  records  of  even  more  detailed  nature 
were  maintained  at  Camp  10B.  At  both  stations,  diurnal  surface  weather 
observations  on  an  hCurly  basis  were  continued  from  1700  until  2200.  For 
a short  period,  these  observations  were  made  on  a full  2U  hour  basis,  with 
throe-hourly  synoptics  taken  between  2200  and  0700.  The  following  data 
were  included:  ceiling  in  hundreds  of  feet,  percentage  of  overcast, 
visibility,  sky  condition  (the  weather  and/or  obstruction  to  vision),  baro- 
metric pressure  in  millibars,  temperature  and  dew  point,  wet  and  dry  bulb 
temperature  readings,  wind  direction  (velocity  and  character),  cloud 
description  and  amount,  type,  height,  and  direction,  precipitation  (only 
as  snowfall),  and  maximum  and  minimum  temperatures  for  every  six  hours. 

Tc  supplement  this  standard  meteorological  record,  remarks  were  noted  con- 
cerning the  snow  surface  character,  and  daily  records  of  continuous  solar 
and  sky  radiation  were  made.  A continuous  record  waa  also  maintained  of 
the  periods  and  duration  of  sunshine. 

1*  Synoptic  Vicather  Records  at  Occupied  Stations  on  the  Ice  Field 

Details  of  the  aynoptic  weather  record  for  Camps  10  and  10B  on  vhc 
upper  Taku  Glacier  are  included  in  Appendices  A(l)  and  A ( 2 ) . Appendices 

B,  C,  D,  F,  and  F include  simultaneous  records  of  meteorological  conditions 
at  four  low  level  stations  adjacent  to  the  ice  field*  one  at  the  Juneau 
Airport,  another  in  the  city  of  Juneau,  a third  at  Annex  Creek  in  Taku 
Inlet*  and  a fourth  station  situated  at  Big  Bull  Mine  in  the  valley  of  the 
Talsekwe  River  near  Tulsequah,  British  Columbia  (Fig,  2).  The  maximum  and 
minumum  temperatures  at  Camps  10  and  103  are  listed  below  for  the  period 
January  27  - February  26.  From  these  it  may  be  see.,  that  continuously 
sub-freezing  conditions  were  encountered  by  the  field  party. 


Date  8 

Camp  10 

Dates 

Camp  10B 

11,  15,  16 

Max.  Temp. 

25  °F. 

15,21 

Max.  Temp. 

29°F. 

Feb. 

Feb. 

5 Feb. 

Min . Temp . 

-11 °F. 

U Feb. 

Kin.  Temp. 

-30°F. 

Jan. -Feb- 

Feb.  10-23 

period 

Av  = Temp . 

12.irF. 

period 

Av . Temp . 

12*F. 

For  comparative  locations  of  stations,  see  Figure  2. 
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The  following  comparative  summary  is  also  listed  for  convenient  and 
ready  reference  to  the  period  January  27  - February  28.  These  data  are  taken 
from  the  monthly  records  of  conditions  at  the  two  camps,  from  those  of  the 
Juneau  Ai*  iort  Station  of  the  U.  S.  Weather  Bureau  on  the  southwest  side  of 
the  ice  field*  and  from  the  Annex  Creek  and  Big  Bull  Mine  records  obtained  on 
the  southern  and  eastern  sides  of  the  ice  field.  (See  Appendices  and  Fig.  2) 


' -V  • : • ' •••• 

Camp 

Camp  . 

Jun. 

Anne;. 

Big  Bull 

10 

10B 

Airp1 t 

Greek 

Mine 

Elevation  of  station  (feet) 

W2 

inr~ 

26 

~3&5 

Max.  wind  velocity  (m.p.h. ) 

Est.70 

20 

.31  • 

... 

- . 

Average  relative  humidity  (per  cent) 

negf,  temps. 

78 

-- 

— — 

Usual  wind  dir.,  clear  weather 

N 

. 

.... 

Usual  wind  dir.,  stormy  weather 

S.E., 

E.S.E. 

— 

Number  days  clear  (scale,  0-3) 

5 

6 

— 

Number  days  partly  cloudy  (scale,  ii-7) 

7 

li 

Number  days  cloudy  (scale  8-10) 

13 

23 

-- 

- - 

Total  precipitation  during  Feb.fin.I^O) 

Li.  16 

8. 0^ 

2.31 

5.76 

2.70 

Max.  Temp,  during  period  (F.) 

23 

29 

37 

h2 

li7 

Min.  Temp,  during  period  (F.) 

-11 

-30 

-8 

-6 

-15 

Average  Temp,  during  period 

12 

— 

19.5 

22.2 

17.8 

Number  days  (i-efc.)  with  sub-froezing 

temperatures 

all 

all 

25 

25 

— 

Number  days  (Feb.)  with  Min. of 

0°F.  or  below 

8 

-- 

8 

2 

— 

The  carefully  obtained  synoptic  record  of  temperatures  taken  by  the 
Air  Force  meteorologists  on  each  hour  during  the  day  was  supplemented  by  con- 
tinuous thermograph  data  at  the  two  ice  field  sites.  Thus,  the  periods 
between  the  hourly  readings  may  be  studied  for  purposes  of  micro-meteorological 
analysis.  These  data  are  of  value  particularly  during  twilight  when  large 
temperature  changes  occurred.  They  are  also  of  value  for  study  of  the  upper 
few  feet  of  new  snow  and  firn  which  would  be  influenced  by  variations  in 
surface  air  temperature.  In  the  discussion  of  the  englacial  temperature  ob- 
servations, the  depth  of  seasonal  stability  maintained  by  the  winter  cold 
wave  is  indicated  to  lie  roughly  between  the  upper  and  lower  limits  of  13  and 
65  feet  below  the  February  21st  reference  surface  level  on  the  Taku  Glacier. 

For  further  observations  relating  to  an  eventual  analysis  of  these  changes, 
one  is  referred  to  Part  8 in  Section  IVA  of  this  report  which  deals  with  the 
three-hourly  surface  temperature  records  obtained  from  a thermistor  cable 
(No.  151)  on  the  antenna  tower  at  Camp  10B.  These  data,  supplemented  by  the 
summer  (1951)  micro-meteorological  record,  should  be  o'*  use  in  interpreting 
the  height  and  effect  of  the  katabatic  wind  layer,  as  well  as  the  effect  of 
regional  air  flow,  in  the  chilling  of  the  glacier's  surface. 


•^Largely  by  drifting  (value  reduced  to  approximate  water  equivalent). 
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2 . Observing  Procedures  and  Methods^ 

Meteorological  observations  at  the  ice  field  camps  during  the  1951 
winter  operation  were  taken  in  accordance  with  standard  Air  Weather  Service 
methods  employed  by  the  Air  Force  Arctic  V’eather  Central  at  Anchorage. 

Sgt.  Calvin  Anderson  and  Sgt„  Adam  Schmeider  were  assigned  to  the  project 
from  this  organization  for  the  full  period  in  the  field.  These  two  men  were 
experienced  observers  and  one  of  them,  Anderson,  had  been  with  the  1950 
summer  project  on  the  Juneau  Ice  Field.  During  February,  they  were  primarily 
responsible  for  the  meteorological  data  obtained.  The  U.  S.  Weather  Bureau 
WBAN  Manual  of  Surface  Observations,  Circular1  N.  6th  Edition  of  January  19la9, 
was  used  as  a procedural  guide.  Since  with  the  exception  of  the  pyrheiio- 
rneter,  no  electrical  apparatus  was  available  for  aiding  the  observations, 
the  methods  used  were  essentially  of  a field  type. 

The  estimation  of  ceilings  during  the  night  are  admittedly  unreliable 
since  aids  such  as  pibals  or  ceiling  lights  were  not  available.  Night  time 
visibilities  could  only  be  safely  estimated  in  clear  and  moonlight  periods. 
For  the  estimation  of  daytime  ceilings,  the  experience  of  the  observers  had 
to  be  relied  upon.  Cloud  heights  and  visibilities  at  the  glacier  camp  during 
a storm  or  blizzard  were  extremely  difficult  to  judge.  This  was  due  to  poor 
depth  perception  in  low  light  and  the  fact  that  the  nearest  topographic 
features  were  at  too  great  a distance  to  be  of  much  value  in  this  regard. 

Wind  velocities  were  usually  estimated  or  mechanically  recorded  in 
miles  per  hour.  A small  hand  anemometer  was  used  at  Camp  10B  when  occasions 
warranted.  The  instrument,  to  give  reliable  records,  had  to  be  employed 
with  the  greatest  care,  especially  during  periods  of  gusty  wind  and  rapidly 
changing  conditions.  It  was  considered  inaccurate  primarily  because  the 
observer  could  not  keep  the  instrument  squarely  faced  into  the  wind  during 
these  extreme  conditions.  Thus,  it  was  not  always  possible  for  him  to  catch 
the  wind  velocity  at  the  peak  of  a gust.  Such  discrepancies  could  be 
remedied  to  a degree  by  a series  of  readings  over  a period  of  time.  Unfor- 
tunately, this  was  usually  impractical  during  good  weather  since  then  all 
personnel  were  using  their  time  on  other  phases  of  the  project.  Another 
factor  which  reduced  the  chances  for  good  anemometer  readings  in  blizzard 
conditions  was  that  the  observer  found  it  difficult  to  time  the  instrument 
properly  because  of  hindrances  from  the  necessarily  heavy  clothing  worn 
and  because  of  the  .driving  snow.  For  these  reasons,  an  automatic  electri- 
cally operated  recording  device  would  be  very  useful  when  another  team  works 
at  this  camp  in  winter.  With  the  installation  of  a large  generator  and  its 
auxiliary  at  Camp  10  in  the  stammer  of  1951,  there  is  now  power  available 
for  the  operation  of  such  equipment.  It  is  hoped  that  future  records  may 
have  the  benefit  of  such  wind  velocity  and  direction  recording  apparatus. 

Temperatures  for  listing  on  the  Weather  Bureau  AN  forms  were  obtained 
from  instruments  enclosed  and  protected  in  standard  shelters  of  the  U.  S- 
Weather  Bureau  type  included  in  the  U.  S.  Signal  Corps  Meteorological  Set, 


'’The  helpful  assistance  of  Sgt.  C.  Anderson  and  Sgt.  A.  Schmeider  is  acknow- 
ledged in  the  initial  preparation  of  this  section  of  the  report. 


J 
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AN/TKQ-7.  Psychrometer  readings  were  taken  in  the  open  air,  however,  since 
the  rotating  axle  and  handle  normally  attached  to  such  shelter  screens  'were 
not  provided.  At  Camp  10,  the  instrument  screen  was  situated  on  an  exposed 
outcrop  on  the  top  of  a projecting  buttress  of  bedrock  100  feet  west  of  the 
cabin.  It  was  securely  guyed  to  ti  j roc.1':  with  rope  and  wire.  Because  this  was 
such  a wind-swept  position,  the  shelter  remained  continuously  four  feet  above 
its  surrounding  snow  surface  even  during  periods  of  heavy  snowfall,  A pile  of 
rocks  beneath  the  shelter  which  was  also  continually  swept  free  by  the  wind 
may  have  introduced  a minor  radiation  effect  on  the  temperatures  obtained  at 
this  station.  Such  errors,  thus  introduced,  are  undoubtedly  small  and  unim- 
portant in  the  over-all  record. 

At  Camp  10B,  located  one  and  one-quarter  miles  south  and  west  of  the 
Camp  10  station,  the  screen  rested  directly  on  a sub-frozen  snow  surface  of 
the  Taku  Glacier.  Thus,  rather  different  conditions  existed  here.  The  basal 
support  fcr  this  shelter  was  anchored  with  its  legs  buried  a foot  under  the 
snow  and  each  leg  packed  as  firmly  as  possible  and  well  guyed  to  side  stakes. 
This  was  satisfactory  us  far  as  stability  was  concerned.  On  several  occasions, 
however,  the  shelter  had  to  be  moved  to  keep  it  from  being  completely  buried 
under  the  increasing  depth  of  freshly  fallen  snow.  A sliding  rack  arrangement 
would  have  been  desirable  for  maintaining  constant  height  above  the  surface 
for  all  readings.  As  it  was,  the  position  of  the  instruments  was  at  the  snow 
surface  during  times  of  heavy  snowfall,  ■ Then  during,  periods  of  clear  and  cold 
weather,  when  the  snow  surface  would  settle  and  perhaps  even  be  eroded  by 
strong  winds,  the  instruments  would  be  as  much  as  three  feet  above  the  snow 
surface.  An  effort  wa3  made  to  compensate  for  these  differences.  An  instru- 
ment height  of  one  and  ope-  half  feet  above  the  level  nf  the  snow  should  be 
considered  as  an  average.  Temperature  conditions  at  different  heights  up  to 
30  feet  above  the  surface  were  recorded  by  other  means  (3ee  Part  6 of  this 
section) . 

As  in  any  area  where  meteorological  observations  are  made  under  sub- 
freezing conditions,  difficulties  were  encountered  in  the  determination  of 
relative  humidity.  On  many  occasions,  the  water  used  for  saturating  the  wicks 
of  the  wet  bulb  thermometers  would  freeze  by  the  time  an  observation  was  to  be 
made.  At  Camp  10B  there  was  an  additions!  problem.  During  periods  cf  outside 
work  on  other  phases  of  the  field  program,  the  stoves  in  the  tents  would  be 
shut  off.  As  a result,  everything,  including  the  water  set  aside  for  the 
psychrometers,  would  freeze.  Since  all  members  of  the  expedition  cooperatively 
nelped  each  other  on  the  scientific  program,  at  times  there  were  no  persons 
available  to  handle  these  more  minor  details.  All  dew  point  and  relative 
humidity  readings  which  could  be  obtained  were  converted  with  respect  to  liquid 
water  according  to  the  tables  in  Circular  N.  At,  both  camps,  water  equivalent 
tests  were  made  on  freshly  fallen  snow,  averaging  a 1 to  10  ratio.  These  tests 
were  carried  out  only  on  days  when  there  was  little  or  no  wind  and  when  the 
3now  was  accumulating  rapidly.  During  blizzard  conditions  and  periods  of  high 
wind,  significant  water  equivalent  tests  were  difficult  to  make  because  the 
presence  of  so  much  drift  snow  in  the  air  caused  measurements  of  true  accumu- 
lation to  be  somewhat  inaccurate . 


Current  meteorological  data  were  radioed  to  the  U.  S.  IJeather  Bureau 
in  Juneau  via  the  Civil  Aeronautics  Authority  Radio  Station  ~t  the  city's 
airport.  The  schedule  for  this  contact  wa3  0900,  1200  and  2100  pacific 
Standard  Time.  At  these  times,  the  observation  taken  a few  minutes  before 
was  relayed.  This  information  was  forwarded  to  the  Regional  Weather  Bureau 
headquarters  in  Anchorage  and  was  of  aid  to  the  local  Juneau  Station,  as 
well,  in  comDiling  its  daily  forecasts.  Additional  observationt  were  trans- 
mitted at  selected  times  during  the  day  or  night,  if  the  supporting  ski 
plane  was  to  make  landings  or  if  other  flight  operations  were  anticipated 
in  the  area. 

3 • Total  Sky  and  Solar  Radiation  ° cords 

Measurements  of  total  sky  and  solar  radiation  were  unfortunately  not 
as  complete  as  anticipated  due  to  a breakdown  of  the  generator  supplying 
electrical  current  to  the  Eppley  50- Junction  pyrheliometer  and  its  attached 
Brown  recorder.  During  the  previous  summer,  several  months  of  continuous 
pyrheliometer  records  were  obtained  so  that  a useful  comparison  of  summer 
and  winter  data  may  be  possible.  During  the  winter  program,  data  were 
obtained  only  from  0950  on  February  12  to  noon  on  February  lU>  This  record 
although  for  the  most  part  continuous,  was  interrupted  during  several  periods 
of  radio  contact  when  the  suppressor  on  the  generator  proved  to  be  inadequate 
for  the  prevention  of  spark  gap  static.  Precipitation  and  icing  effects 
were  not  found  to  interfere  with  the  effectiveness  of  the  transparency  of  the 
pyrheliometer  glass  bulb.  It  is  not  clear  what  effect  low  variable  tempera- 
tures may  have  had  on  the  accuracy  of  the  record. 6 

The  radiation  record,  although  short,  was  taken  over  a period  when 
conditions  varied  from  5/lOths  cloud  cover  to  complete  overcast.  The  12th 
of  February  had  a minimum  temperature  of  11.1'F.,  visibility  30  miles,  wind 
from  the  north  and  east  and  clear  skies.  The  13th  of  February  had  easterly 
winds,  a minimum  temperature  during  the  day  of  13 °F.  and  light  snowfall  with 
sun  dimly  visible  most  of  the  day.  The  lhth  was  with  continuing  low  visi- 
bility, heavy  snow,  variable  winds  from  the  west  and  with  minimum  temperature 
of  18.2’  and  20.8*F.,in  the  hours  between  0700  and  1300.  Eight  and  one-half 
inches  of  nerw  snow  had  fallen  since  0600  the  previous  day.  This  approximated 
bliasard  conditions,  but  without  high  winds.  The  highest  v’nd  velocity 
during  the  period  of  record  was  18  miles  per  hour  (gusts)  ac  0700  on  the  13th 
although  before  the  pyrheliometer  was  turned  cn  winds  up  to  50  miles  an  hour 
had  been  experienced  earlier  in  the  morning. 


^The  sensitivity  of  the  Eppley  type  of  instrument  to  variations  in  ambient 
temperatures  has  been  found,  by  a National  Bureau  of  Standards  test,  to  lie 
below  0.5  and  •'il%  per  degree  G.  It  is  probable  that  these  errors  are  rela- 
tively small  at  the  temperatures  encountered  during  this  short  period  of 
record.  The  ambient  temperature  effect  and  related  considerations  important 
to  eventual  analysis  are  discussed  in  the  following  publication:  National 
Bureau  of  Standards  Report  No.  IV,  5/Tp:  U5/z-17/U6,  10  May,  19U6.  For 
requisites  in  precision  measurements  also  refer  to:  MacDonald, T.H.,  "Measure 
msnt  of  Solar  Radiation  in  the  Arctic" , Proc . Alaskan  Science  Conf . 1950, 
Pull,  of  the  Nat.  Research  Council,  No.  122,'  April  1$51,  pp.  ?5‘-76. 
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T he  timing  of  the  record  in  February,  owing  to  circumstances  beyond  the 
control  of  Camp  10  personnel,  was  such  that  the  records  require  special  inter- 
pretation. This  was  due  to  the  use  of  the  local  generator  mentioned  above. 

For  example,  on  the  February  12  sheet,  interoretation  is  complicated  by  the 
fact  that  an  hour  of  record  is  missing  at  the  1200  time  of  radio  schedules 
when  the  generator  had  to  be  shut  off  so  as  to  reduce  the  interference  with 
radio  communication.  Also  at  this  time,  the  generator  fuel  tank  was  refilled. 
With  proper  adjustment  made  for  this  hour  of  broken  record,  it  is  possible  to 
interpret  the  timing  on  the  sheets  and  to  derive  values  for  comparison  with 
the  summer  records. 


For  future  records  with  such  an  instrument,  it  is  important  that  the 
following  suggestions  and  methods  be  followed  to  assure  accuracy  of  the  data 
obtained  and  to  reduce  them  to  results  which  can  be  easily  plotted*  Some  of 
these  suggestions  are  made  by  I . F.  Hand,  official  in  charge  of  the  U*  S. 
Weather  Bureau  Solar  Radiation  Field  Testing  Station  in  Boston,  Mass.? 


(1)  Use  a constant  output,  voltage-regulated  generator  for  power. 

(2)  Make  certain  the  record  sheets  in  the  recorder  are  timed  frequsntlj'. 


(3)  Make  a notation  of  every  period  where  the  record  mey  be  lost  • ■.,>  to 
interruptions,  especially  at  the  beginning  and  end  of  the  r sing 
period.  Especially  record  and  time  all  power  failures  to  .urinate 
this  source  of  serious  departure  from  true  timing. 


(U)  Note  and  record  presence  of  any  har.c  in  the  atmosphere  and  any 
shading  by  mountains,  buildings  or  ether  obstructions. 


(5)  Keep  in  mind  the  possibility  that  in  using  a pyrheliometer  on  snow- 
covered  terrain  there  may  be  multiple  reflections  from  the  snow 
cover  to  constituents  in  the  atmosphere  and  back  to  the  bulb.” 


(6)  For  official  information  reference  on  the  use  of  this  type  of  equip- 
ment and  on  the  oroper  integration  of  data,  see  Chapter  Ai6,  .Cr>lar 
Radiation,  Addendum  to  Circular  N,  6th  Edition,  U*  S.  Weather  Bureau, 
Washington  D . C . 


A few  notes  on  the  techniques  of  reducing  data  are  also  given  here • 


(1)  Convert  the  120th  meridian  time  to  solar  time,  or  better  than  this 
maintain  the  record  sheet  or.  solar  time  making  sure  that  one  of  the 
time  lines  coincides  with  an  even  hour.  This  saves  drawing  in  hour 
lines  between  the  orthodox  lines  printed  on  the  ~ecord  sheet. 


^Personal  communication. 

®0n  a recent  antarctic  expedition  this  occurred  and  resulted  in  adued  reflection 
with  values  quite  unlike  any  obtained  elsewhere  from  similar  causes.  The  factors 
involved  in  this  case  and  the  net  effects  of  an  increase  in  insolation  due  to 
cloud  reflection  onto  snow  covered  terrain  are  discussed  in:  Peterson,  H.  C., 
"Results  of  the  Solar  Radiation  Project  of  the  Ronne  Antarctic  Expedition", 

Tech.  Report  No.  3,  Office  of  Naval  Research,  October  1,  p.  . 
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(2)  After  counting  the  areas  between  the  trace  and  the  zero  line, 
and  bwtweer  hour  lines,  tabulate  these  values  in  the  proper  hour 
intervals . 

(3)  Multiply  these  values  by  the  appropriate  factor  to  reduce  to 
langleys .9  These  values  nay  be  totalled  to  obtain  daily  values 
and  therefore  can  actually  be  resolved  by  simple  arithmetic . 

For  future  reference  the  following  specifications  are  noted  in  this 
report.  They  provide  the  calibration  of  the  equipment  used  at  Camp  10  as 
listed  by  H.  Carle,  U-  S.  Weather  Bureau  electronics  technician  who  visited 
the  ice  field  station  in  August  1951  for  purposes  of  determining  the  full- 
scale  values. 

Solar  Radiation  Recorder  and  Integrator  Calibration  Data 


! 


! 

i 

t t 


Station:  Camp  10,  Juneau  Ice  Field  Date:  8/11/51  Compensator 

Research  Project  Setting:  None 


Brown  Electronic  Recorder,  Pyrheliometer 

Serial  No.:  335, 30U  Serial  No.:  Eppley  206U 

Pyrheliometer  Constant:  2.17  millivolts^-0  Calibrated  by  H*  Carle,  U.  S. 

Weather  Bureau 


Millivolt  Input  Full-Scale 

to  Recorder  Reading 


5.10 
h-59 
1*  .08 
3.57 
3.06 
2.55 
2.0U 
1.53 
1.02 
o.5i 


100.0 

90.0 

79-9 

69.9 
60.2 
50.0 
bO.O 

29.9 

19.9 

10.0 


?Gram  calories  per  square  centimeter  per  hour.  From  the  calibration  data 
given,  the ’multiplication  factor  for  the  Camp  10  records  is  .235,  to  be 
applied  to  recorded  hourly  totals . 


10 


J 


Per  gram  calorie  per  square  centimeter  per  minute. 
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Of  interest  is  a comparison  of  th"'  records  at  this  ice  field  station 
with  those  of  two  other  Alaskan  stations  which  have  operating  pyTheliometers 
at  the  present  t'me„-  Records  from  the  Bethel  Station  are  of  particular 
interest  since  this  site  lie3  only  a little  more  than  two  degrees  of  latitude 
north  of  the  Juneau  Ice  Field  Station. 


Date 


Bethel,  Alaska  Fairbanks,  Alaska  Camp  10^-  Juneau  Sector 

Lat.  6C°  U7’  N.  Lat.  6U#  U0>  N-  Lat.  58°  39’  N. 


MAXIMUM  VALUES  FOR  HOUR  ENDING  NOON 


2/12/51  32  ly.  30  ly. 

8/16/50  63  ly.  59  ly. 


(3U  ly.) 
7h  ly. 


MAXIMUM  DAILY  TOTALS 


2/12/51  1U9  ly.  157  ly.  (185  ly.) 

8/16/50  569  ly.  L9U  ly.  6U7  ly. 


At  the  present  time,  a specially  constructed  totalizing  radiometer  is 
being  given  a preliminary  field  test  in  anticipation  of  it3  eventual  improve- 
ment for  U3e  on  the  surface  of  the  Taku  Glacier  in  determining  long  wave 
(outgoing)  radiation.  The  thermal  balance  between  incoming  and- outgoing 
radiation  during  all  hours  of  the  day  and  night  is  of  vital  importance  in  any 
evaluation  of  the  heat  budget  at  a glacier  surface  and  of  the  factors  relating 
to  ablation.  This  record,  like  that  from  the  pyrheliometer , will  be  . egis- 
tered  in  gram  calories  per  square  centimeter  per  hour.  This  should  allow  a 
more  quantitative  approach  to  the  problem  of  surface  regimen  on  the  ice  field. 


The  August  16  values  are  for  a cloudless  day.  The  February  12  trace  was  ob- 
tained on  a partially  clear  day  with  5 hours  of  sunshine  representing  $$%  of 
the  total  possible,  but  with  a 10/10  overcast  in  the  evening.  The  February 
12  records  listed  in  parenthesis  have  been  interpolated  by  comparison  with  the 
nearest  (latitudinal)  stations  and  by  approximation  by  formula, 

i 
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It , Mo  ter  end  Recommendations  for  Future  Radiation  Measurements  in  the  Ice 
Field  Meteorological  Ivetwork 


For  possible  future  actinometric  measurements  especially  at  the 
Camp  10  and  10B  sites,  the  following  suggestions  are  given.  These  are  based 
or.  recommendations  of  the  Radiation  Commission  of  the  International  Meteoro- 
logical  Association  in  regard  to  such  special  stations  and  to  the  general 
study  of  actinometry. 

(a)  Continuous  (or  at  least  full  day  period)  recording  of  total 
radiation  of  sun  and  sky  on  a horizontal  surface.  It  is  desirable,  ^t  least, 
to  have  three  observations  a day  on  clear  days.  These  shoull  be  made  either 
at  the  main  synoptic  hours  or  at  times  corresponding  to  definite  solar 
heights,  une  of  these  should  coincide,  if  possible,  *dth  the  passage  of  the 
sun  across  the  noon  meridian.  . 

(b)  Regular  records  of  direct  solar  radiation,  in  terns  of  total 
radiation  and  for  selected  parts  of  the  spectrum. 

(c)  Long  wave  or  effective  outgoing  radiation  measurements 
("nocturnal  radiation",  especially  from  snow  surface).  At  least  one  such 
observation  should  be  taker,  each  night  during  clear  skies,  and  the  first 
observation  in  any  event  should  be  made  soon  after  the  end  of  twilight. 

(d)  Duration  of  sunshine  records  (see  next  section)  should  be 
made  in  any  case  and  if  possible  also  with  measurements  of  the  total 
radiati  on. 

The  International  Commission  also  recommends  that  the  following  instru- 
ments may  best  be  used  whichever  are  available  to  the  station  in  question. 12 

Recommended  for  direct  solar  radiation  measurements: 

O 

Compensation  pyrheliometer  (Angs  .dm  type) 

Silver-disk  pyrheliometer  (Smithsonian  type) 

Bimetallic  actinoneter  (llichelson  type) 

Actir.ometer  with  lioll-thermophile  (Mcll-Gorczynski  type  and  Linke- 
Feussner  type) 

Recommended  for  measurement  of  total  radiation  of  sun  and  sky  on  a hori- 
zontal surface: 

Solarimeter,  Moll-Go rczynski  with  recorder 
Pyrheliometer,  Eppley  with  recorder 

Recommended  for  eventual  me." suremui'ts  of  effective  long  wave  (outgoing ) 
radiation; 

Compensation  pyrgeometer  (ingstrttm  type)13 


■*-2camp  10  instruments  available  to  this  winter  project  were  a 50 -junction 
Eppley  pyrheliometer  with  a Brown  recorder  and  a Campbell-Stokes  meter. 

^See  page  12  regarding  totalizing  radiometer. 


5.  Duration  of  Sunshine  Record 


A Campbell-Stokes  duration  of  sunshine  recorder  was  employed  at  Camp  10 
during  the  full  period  from  January  26  to  February  26,  1951.  Eleven  days  of 
almost  completely  clear  weather  occurred  during  this  period.  These  were  the 
27th,  28th,  and  29th  of  January  and  the  iith,  5th,  9th,  10th,  11th,  12tn,  20th 
and  the  morning  of  the  26th  of  February,  Lost  of  the  remaining  days  had  over- 
cast sky  or  light  to  heavy  snowfall.  Fig.  3 (a  & b)  and  Appendix  A give  details 
of  the  number  of  hours  of  continuous  and  effective  sunshine  at  the  latitude  of 
this  station  (Lat.  58°39'M.).  In  Appendix  C the  record  at  the  U.  S.v‘eather 
Bureau  Station  at  the  Juneau  Airport  (Lat.  5G°22,N.)  is  presented  for  this 
■winter  period,  for  January  and  February,  19U9  and  1950,  and  for  August,  19b9, 
1950  and  1951.  Related  meteorological  information  is  also  included  in  Appendi- 
ces A and  B.  It  was  to  be  expected,  as  indicated  here,  that  some  of  the  coldest 
days  were  associated  with  the  clearest  skies.  Duration  of  sunshine  data  have 
also  been  obtained  at  the  Camp  10  site  during  the  summer  periods  of  19lj9,  1950 
and  1951  and  will  be  continued  on  future  operations.  These  data  are  included 
in  other  reports  of  this  project.  From  such  records,  it  is  expected  that  those 
aspects  of  the  thermal  regime  which  relate  to  insolation  will  be  better 
clarified. 

From  the  short  term  records  given  in  this  report,  the  following  facts 
are  indicated.  During  the  period  of  observation  in  January  and  February,  there 
appears  to  have  been  more  than  twice  as  much  "possible"  sunshine  recorded  at 
the  Juneau  Airport  Station  a*  at  the  upper  Taku  Glacier  Camp  10  site.  In  the 
summer  period  (August),  used  he^e  for  comparison,  a different  situation  oc- 
curred,* there  was  nearly  th  rare  amount  of  sunshine  recorded  at  each  site. 

(See  Fig. 3).  These  facts  art  .urther  illustrated  by  the  following  table,  which 
shows  comparative  totals  of  recorded  sunshine  at  each  site. 

TGl.’.L  REGORDF-D  sunshine 

Date  Juneau  Airport  (2h  ft.  Elev.)  Camp  10,  Taku  Glacier 

: r (3875  ft.  Elev.) 

Aug.  19U9  21U  hours  29  minutes  191  hours  6 minutes 

Jan.  27  to 

Feb.  27,  1951  127  hours  h9  minutes  5l  hours  5 minutes 

Corollary  to  the  foregoing  comments,  we  must  consider  the  fact  that 
the  Juneau  records  represent  corrected  values  based  on  exact  times  of  sunrise 
whereas  the  Camp  10  records  are  based  only  on  the  amount  of  direct  sunlight 
shown  by  the  Campbell-Stokes  recorder.  In  other  words,  the  Airport  Station 
records  have  been  adjusted  to  include  the  number  of  minutes  that  the  sun 
wou?„d  have  shone  from  a flat  horizon  prior  to  the  time  that  its  rays  actually 
affected  the  sensitive  plate  of  the  sunshine  recorder.  For  proper  comparison, 
however,  the  emphasis  should  be  placed  on  differences  in  the  effective  sun- 
shine at  each  site.  This  means  that  elevation  and  orographic  differences  as 
they  influence  the  amount  of  sunshine  received  at  various  seasons  of  the  year 
must  be  considered.  Specifically,  the  difference  of  nearly  U000  feet  eleva- 
tion, the  different  degrees  of  obstruction  imposed  by  surrounding  topography, 
and  the  fact  that  Camp  10  is  on  a ridge  top  and  that  the  Juneau  Airport  is  in 
the  bottom  of  a valley  are  all  pertinent.  The  Camp  10  station  is  also  slightly 
farther  north. 


'**' JWijf.V*  
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Special  aspects  of  these  considerations  are  discussed  in  the  1950  and 
1951  summer  reports.  It  is  briefly  noted  here,  however,  that  Camp  10  lies  in 
a broad  region  of  fairly  accordant  summit  levels  and  is  more  or  less  unob- 
scured during  daylight  hours.  Therefore,  its  record  is  essentially  one 
from  a flat  horizon.  Since  the  Juneau  records  have  already  been  reduced  to 
values  for  a flat  horizon,  the  factors  causing  discrepancies  between  the  two 
stations  tend  to  cancel  each  other.  The  degree  of  correspondence  has  not 
yet  been  fully  evaluated;  however,  when  this  is  done  it  should  be  possible 
to  establish  a set  of  correlation  soefficients  for  different  months  of  the 
year.  In  this  way,  the  Juneau  records  may  be  of  use  in  determining  the 
approximate  amount  of  corresponding  duration  of  effective  sunshine  at  the 
intermediate  elevation  on  the  Tsku  Glacier  during  periods  when  there  is  no 
record  from  Camp  10. 

6.  The  Evaluation  of  Sunshine  Records 

In  order  that  comparable  and  consistent  results  from  Cairqpbell- 
Stokes  duration  of  sunshine  records  can  be  obtained  for  future  comparison 
at  the  main  research  station  a few  notes  are  presented  here.  These  should 
also  aid  in  the  proper  evaluation  of  such  records.  The  first  two  suggestions 
are  taken  from  the  list  of  recommendations  of  the  Sub-commission  on  Actino- 
metry.  of  the  Commission  on  Instruments  and  Methods  of  Observation  of  the 
iJorld  Meteorological  Organization The  other  recommendations  are  from 
personal  advice  of  hr.  ' I'-orikof^r,  hi rpp tor  nf  t.hp  PhvRieal  MetporoloKrical 
Observatory  of  Davos,  Switzerland. 

(a)  I’ith  the  Campbell-Stokes  instrument  it  is  advisable  that  re- 
cording cards  of  the  same  color  and  thickness  be  used  at  each  station  and 
on  each  occasion.  The  standard  cards  of  a medium  blue  color,  and  of  a 
thickness  of  0.1*  mm.  are  recommended.  Special  attention  is  drawn  to  the  fact 
that  errors  will  be  introduced  if  the  time  graduation  on  the  cards  is  not 
proper. 

(b)  It  is  strongly  recommended  that  the  calculation  of  the  per- 
centage of  possible  hours  of  sunshine,  or  the  relative  duration  of  sunshine, 
be  referred  to  a maximum  duration  of  sunshine  given  by  study  of  the  records 
of  the  same  instrument  for  the  locality  and  time  of  question.  These  maxima 
should  also  be  published.  (See  Figure  3b) 

(c)  Even  the  slightest  trace  of  a burn  on  the  card  must  be  evaluated. 

(d)  If  the  card  is  burned  through,  then  it  is  recommended  that 
only  those  parts  be  evaluated.  In  this  case,  the  exterior  edge  of  each  burn 
does  not  count.  Consequently,  for  a deep  burn,  every  indication  of  a narrow- 
ing of  the  track  width  must  be  deducted  at  least  within  1/10  of  an  hour. 

(e)  Short  tracks,  like  circles  w'aich  are  not  burned  through,  are 

to  be  evaluated  even  if  only  one  minute.  They  must  be  added  for  the  interval 
of  evaluation  (hour  or  day)  and  transformed  into  tenths  of  hours.  If  there 
is  only  one  such  burn  within  the  interval  of  evaluation,  it  must  be  counted 
as  1/10  of  an  hour. 


■^’Prepared  jointly  by  this  Committee  and  the  F.adiati. on  Commission  of  the  In- 
ternational Meteorological  Association  at  the  Brussels  Congress  of  the 
International  Uni or.  of  Geodesy  and  Geophysics,  August  1951. 
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(f)  For  climatological  purposes,  it  is  more  important  to  know  the 
duration  of  sunshine  of  a day  or  month  than  it  is  the  exact  value  of  each  hour. 
If  the  addition  of  the  duration  of  sunshine  of  each  hour  and  the  evaluation  of 
the  daily  sum  is  differing,  then  the  exact  daily  sum  is  decisive.  Care  must  he 
taken  that  the  hourly  values  are  adopted  so  that  the  sum  corresponds  with  the 
exact  daily  total  and  so  that  each  hour  in  which  the  sun  has  shown  is  noted. 

7 . Observed  Short  Term  Changes  at  the  Snow  Surface 

A record  of  snow  accumulation  was  maintained  at  both  camps.  The  me- 
asurements, of  course,  could  not  be  expected  to  represent  exact  increment  of 
new  snow  at  all  times.  For  example,  th  effect  of  wind  drift,  or  supplemen- 
tary deposition  of  previously  fallen  snow  blown  in  from,  other  parts  of  the  ice 
field,  increased  the  value  of  net  accumulation  in  some  sectors.  On  the  other 
hand,  the  erosion  and  wind  scour  of  the  older  snow  surface,  even  during  some 
of  the  periods  of  actual  snowfall,  would  deflate  snow  from  the  recording  site 
and  reduce  the  net  value  of  the  immediate  record.  Usually,  additional  drift 
deposition  would  occur  to  supplement  actual  snowfall.  At  Camp  10B  (which, 
being  on  a broad  flat  stretch  of  the  glacier,  was  not  on  such  an  exposed  ridge 
as  Camp  10),  wind  scour  during  periods  of  storm  was  relatively  les3.  The 
greatest  corrasion  occurred  on  clear  days  viien  the  velocity  of  surface  winds 
exceeded  20  miles  an  hour.  This  of  course,  drifting  and  supplementary 

accumulation  at  lower  levels  and  especially  on  the  edges  of  the  ice  field.  The 
snow  blasted  from  the  highland  area  would  be  carried  hundreds  of  feet  into  the 
'ir  and  drained  outward  by  katabatic  winds. 

The  heaviest  accumulation  of  snowfall  occurred  during  the  last  lb  days 
the  project  was  in  the  field.  In  seven  of  these  days,  a total  of  72  inches  cf 
new  snow  was  deposited  at  Camp  10B.  There  was  much  less  net  accumulation  at 
Camp  10  because  of  the  exposed  ridge  position  and  the  contemporaneous  removal 
by  wind  of  nearly  all  snow  which  fell.  Cn  January  26,  approximately  12  feet 
of  compacted  3now  covered  the  Taku  Glacier  surface  at  the  Camp  10B  site.  The 
top  one  and  one-half  feet  of  this  was  dry,  f ssh  powder  overlying  an  earlier 
wind  crust.  Skis  of  the  supporting  aircraft  sunk  in  8 inches  on  the  initial 
landing  on  that  date.  Clear  weather,  with  occasional  high  winds,  continued 
until  February  13th  when  the  above  mentioned  prolonged  blizzard  commenced. 
During  the  period  of  clear  skies  on  February  2nd,  high  winds  considerably 
scoured  .md  eroded  the  glacier  surface  and  re-deposited  much  drift  snow  in  the 
vicinity  of  the  occupied  camps.  Cn  that  day,  it  was  necessary  to  shovel  out 
several  feet  of  drifted  powder  each  time  the  door  of  the  research  station 
(Camp  10)  was  opened.  On  this  occasion,  the  winds  packed  the  snow  surface  on 
the  glacier  and  drifted  powder  snow  into  crevasses,  covering  them  from  view. 

The  hardening  effect  of  the  wind-packing  was  much  more  noticeablp  on 
the  30*  slope  west  of  Camp  10  than  on  the  glacier  flat  in  the  vicinity  of  Camp 
10F..  Cn  several  occasions  during  the  February  period  this  surface  became  so 
hard  that  Bramani -soled  boots  and  even  the  tips  of  ski  poles  would  leave  only 
a slight  impression.  This  was  particularly  true  in  the  below-zero  temperatures 
experienced  during  the  first  half  of  February.  By  the  10th  and  11th  of  Febru- 
ary the  Camp  10  slope  had  appr-oached  a "consistency  of  concrete".  A few  days 
later,  it  was  covered  deeply  with  many  feet  of  soft  powder  snow.  This  period 
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was  one  of  great  contrasts  which  materially  affected  logistic  operations  in 
the  field.  On  one  occasion,  as  a result  of  the  considerable  uepth  of  soft 
new  sno/.  it  was  impossible  to  take  advantage  of  a U.  S.  Air  Force  10th 
Rescue  Squadror  ski-wheel  C-U7  which  had  flown  down  from  Anchorage  in  anti- 
cipated support.  In  future  operations,  however,  it  is  probable  that  such 
a heavy  aircraft  would  have  little  difficulty  in  landing  on  the  ice  field, 
as  long  as  it  came  in  at  a time  when  a dense  wind-packed  surface  had  de- 
veloped over  a period  of  a week  or  more.  Under  most  other  winter  con- 
ditions, landings  would  be  difficult. 

Details  of  the  nature  of  changes  and  in  conditions  of  accumulation 
on  the  February  surface  at  these  sites  arc  given  in  the  following  Table  1. 

It  is  of  interest  that  although  87  inches  of  pew  snow  accumulated  near  pit  B 
at  Camp  10B  in  February,,  by  the  month's  end  at  least  30  per  cent  of  the 
effective  height  of  the  column  of  gross  accumulation  (Figure  7)  had  been 
reduced  by  processes  of  settling  and  by  deflation.  It  is  estimated  that 
about  on^-lifth  of  this  total  reduction  may  be  attributed  to  aeolian 
processes. 
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TABLS  I - Nature  of  Surface  Conditions  and  Accumulation 
at  3,600  - 3,^00  feet,  Taku  Glacier 


Date 


Conditions 


Measured  Fresh 
Snow  (inches) 
10  10B 


2/3-6 


2/7 

2/8 

2/9 

2/10 

2/11 


Mostly  overcast 

Partly  cloudy 

Clear,  to  partly 

clear 

Storm 

Storm 

Clear 

Clear 

Partly  clear 


- Trace  - 
Drift:  up  to  2ii 
Drift:  3 at  10B 

1.1  1.0 

h.O  3.0 

- Trace  - 


2/12 

Overcast 

t/u 
*-/  > 

Stem 

( £ 0 £*or  + h f'amns 

2/lL, 

Storm 

(160O  20.5 

2/1515 

Storm 

( 9.0  10„0 

72 

( 

2/l615 

Storm 

inches  - 

( 5.5  15-0 

2/11  c 

Storm 

(10b) 

( 1.0  7.0 

2/18 15 

Storm 

(13.0  for  both  camps 

2/19 

Storm 

( 1.3  for  both  camps 

(Drift:  5 at  10B 

2/20 

Partly  cloudy 

- Trace  - 

2/21 

Mostly  overcast 

0.5  for  both  camps 

2/22 

Storm 

3.5  for  both  camps 

2/23 

Storm 

2 for  both  camps 

2/2U 

Storm 

0.5  for  both  camps 

2/25 

Clearing 

- Trace  - 

2/26 

Clear 

2/27-28 

Storm 

(Estimate  - 5) 

Approximate  103 

total  - 

87  inches 

^Days  with  heaviest  wind  drifting  of  snow  and/or  development  of  rime. 
From  the  above  record  it  may  be  seen  that  in  mid-winter  clear  skies, 
cold  weather,  maximum  wind  scour,  and  snow  surface  corrasion  seem 
all  to  be  associated  with  northerly  winds.  Severe  blizzards  and 
heavy  accumulation  which  are  sometimes,  but  not  always,  accompanied 
by  moderately  high  winds,  are  brought  In  by  regional  air  flow  from 
the  southeast.  Rime  ice  is  also  characteristic  of  some  of  these 
southeasterly  storms. 


-19 


TABLE  I (continued) 


Average 

Velocity 


' rind  Direction 

(mph) 

Remarks 

NE 

5 

Little  surface  effect 

N (high) 

21 

filch  scour  and  corrasion 

N 

9 

Much  scour  and  corrasion 

VJ 

6 

Little  surface  effect 

Variable  H-E 

Slight 

Little  surface  effect 

E 

Slight 

Little  surface  effect 

N 

Slight 

Little  surface  effect 

NE 

Generally 

calm 

Little  surface  effect 

N,  then  slight  V 

Little  surface  effect 

w 

/ r' 

New  accumulation 

NW,  h.en  SE 

2-3 

New  accumulation 

ESE 

22 

New  accumulation 

S (10B) 

16.5 

SE 

20-22 

New  accumulation 

NE,  slight  VJ 

1.5 

Little  surface  effect 

E and  SE 

23  (10) 

12  (10B) 

Scour  and  corrasion 

E down-glacier 

2.5  (10) 
1.5  (10B) 

E 

1.5 

SE 

lh  (10) 
6 (10B) 

SE 

21 

SE 

13 

NE 

20 

N 

20 

Shift  in  p.m. 

Calm 
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o.  Surface  Temperature  Measurements  in  the  Katabatic  Air  Layer  on  the  Taku 
Glacier  at  Camp  10B. 

Nine  resistance  thermometers  were  positioned  at  selected  levels  up 
to  30  feet  above  the  upper  Taku  Glacier  surface  in  order  to  obtain  measure- 
ments of  diurnal  temperature  gradients  in  the  katabatic  air  layer.  For  this 
purpose,  the  thermistors  in  Cable  No.  l£l  (Appendix  G)  were  strung  on  the 
antenna  mast  in  such  a way  as  to  preclude  any  influence  from  contact  with 
the  metal  of  the  mast  (Fig.  5). 

The  temperature  profile  records  may  have  been  somewhat  levelled 
by  the  presence  of  a rubber  protective  covering  on  each  thermistor.  Due  to 
radiation  influences  which  could  not  be  eliminated,  the  temperature  measure- 
ments taken  at  mid-day  may  also  be  slightly  higher  than  true  .alues.  With 
the  equipment  available,  it  was  not  possible  to  provide  artificial  aspiration 
around  the  individual  units.  It  is  probable,  however,  that  the  steady  down- 
gi'cier  drainage  of  air,  seldom  with  a velocity  of  less  oian  four  miles  per 
hour,  supplied  this  requisite  circulation. 

The  levels  of  ambient  temperature  record  above  the  snow  surface  are 
given  in  Figure  7.  By  reference  to  Table  V,  Section  E,  3 (a),  variations  in 
snow  accumulate  on  may  also  be  checked.  Changes  in  the  reference  levels  of 
the  snow  surface  are  important  to  consider  in  the  eventual  interpretations 
since  they  created  periodic  differences  in  the  height  of  individual  ther- 
mistor units  above  the  surface  and  also  brought  about  the  burial  of  the 
lower  thermistors  (Nos.  1189  and  1190).  The  position  of  these  bottom  units 
may  give  additional  useful  information  concerning  changes  in  surface  snow 
temperatures  to  supplement  those  taken  by  other  means  as  shown  in  Figures 
5 and  6.  Figure  7 shows  diagrammatically  the  relationship  of  short  term 
variations  in  snow  depth  to  the  height  of  the  individual  thermistor  units. 

Results  of  these  temperature  readings  are  tabulated  in  Appendix  G. 

An  analysis  of  the  data  is  not  included  in  this  report;  however,  a graphical 
presentation  of  several  day°  of  record  is  given  in  Figure  8.  Plotted  values 
for  some  hours  may  be  slightly  higher  than  true  values  as  a resuDt  of  the 
previously  mentioned  radiation  heating  of  the  thermistor  cable.  Such  a 
situation  is  indicated  by  tbs  record  for  1300  on  February  8 (Fig.  8).  A 
mercury  thermometer  in  the  meteorological  shelter  recorded  a below-freezing 
temperature  at  the  same  hour  at  the  three-foot  level.  The  meaning  of  above- 
freezing temperatures,  especially  on  the  bottom  thermistor  buried  in  fresh 
snow  two  feet  beneath  the  surface  (Fig.  7),  is  not  fully  clear.  Since  the 
snow  could  not  have  been  above  the  freezing  point,  this  anomolous  value  may 
be  attributed  to  one  of  the  following  factors:  (1)  radiation  penetration  of 
the  snow  surface,  causing  the  rubber-capped  thermistor  to  become  slightly 
wanned;  (2)  a lowered  resistance  of  the  thermistor  element  due  to  abnormal 
heating  of  the  wire  in  consequence  of  the  battery  key  being  held  down  too 
long;  (3)  an  unexpected  shift  in  the  calibrated  temperature-resistance  re- 
lationship within  the  thermistor  as  a result  of  external  causes;  (k)  observer 
error.  The  latter  two  possibilities  are  probably  not  the  effecting  ones, 
since  the  upper  thermistor  values  at  this  hour  were  likewise  correspondingly 
higher  than  at  any  of  the  previous  hours  of  record. 
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Several  preliminary  observations  may  be  made  from  the  plotting  in 
Figure  8.  Provisionally,  it  would  appear  that,  during  the  day,  nearly  the 
same  or  even  slightly  colder  temperatures  existed  at  the  30-foot  height 
than  at  the  surface  of  the  snow  pack.  (See  curves  for  ioOO  on  February  13 
and  lij).  At  night,  the  more  general  rule  was  an  inversion  with  somewhat 
higher  temperatures  at  the  top  of  the  antenna  mast  than  at  the  snow  surface. 
(See  curve  fox;  2200  on  February  12).  ° There  are  also  indications  that 
during  the  morning  and  evening  twilight  hours,  a temperature  equilibrium 
was  the  rule  with  nearly  the  same  values  being  plotted  at  all  levels  up 
to  30  feet.  This  apparent  pattern  may  not  be  significant  since  all  of  the 
records  must  be  plotted  fully  before  an  acceptable  interpretation  can  be 
made.  In  the  final  analysis,  of  course,  considerati  on  must  be  given  to 
every  controlling  factor.  It  is  hoped  that  eventually  precision  tempera- 
ture measurements  may  be  obtained  for  comparison  at  different  seasons  and  to 
greater  heights  above  the  snow  pack.  These  should  be  made  in  conjunction 
with  other  meteorological  information  gathered  at  the  corresponding  levels. 

The  ultimate  effect  ~n  temperatures  at  Camp  10B  of  the  katabatic 
cold  air  flow  from  the  higher  regions  of  the  ice  field  cannot  yet  be 
quantitatively  determined.  The  measurements  given  here,  however,  even 
though  subject  to  possible  errors,  do  provide  a key  to  that  analysis. 

Further  temperature  profiles  at  this  site  and  additional  records  of  wind 
direction,  velocity  and  humidity  at  the  same  heights  in  the  summer  of  195>1 
have  provided  some  useful  supplementary  information.  These  data  are  being 
incorporated  in  a subsequent  report. 

9 . Regional  Climatology  during  the  Period  of  Observation 

Pertinent  weather  records  from  most  of  the  permanent  and  semi- 
permanent stations  shown  in  Figure  2 are  available  in  appendices  A through 
F.  These  and  data  from  other  coastal  stationsL,may  be  supplemented  by  the 
statistics  listed  in  U.  S.  Weather  Bureau  "Climatological  Data",  Vol.  37, 

Nos.  1-3  (Jan. -March),  Alaska,  1901*  Annual  records  are  also  available  at 
each  station.  In  the  future  a year  around  record  may  be  obtained  at 
Camp  10  for  a more  useful  comparison. 


-*Aa  similar  situation  seemed  to  prevail  in  winter  at  the  Central  Station 
of  the  19!?0-!>1  expedition  of  Expeditiones  Polairea  Francaises  in  Green- 
land. This  station  was  situated  at  10,000  feet  elevation  near  the  center 
of  the  Greenland  Ice  Cap.  Records  were  made  at  levels  from  26  to  litl  cm. 
above  the  ice  surface  (roughly  one  to  five  feet). 


•^Within  200  miles  of  Juneau  are  the  following  permanent  stations  in  South- 
eastern Alaska;  Angoon;  Annette;  Br.ranof;  Beaver  Falls;  Cape  Decision; 
Cape  Spencer;  Craig;  Eldred  Rock;  Five  Finger  Light;  Guard  Island;  Gull 
Ccve;  Gust-avus  (CAA  station);  Haines  (CAA);  Ketchikan;  Lincoln  Rock; 
Little  Port-  Walter;  .Mile  28  Haines  Highway;  Petersburg  (CAA);  Point 
Retreat;  Port  Alexander;  Sitka  (CAA);  Skagway;  Tenakee;  Tree  Point;  and 
Wrangell. 
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February  was  drier  and  cooler  than  noi-mal  for  the  region.  According 
to  the  Juneau  records,  March  of  1951  was  the  coldest  March  since  cooperative 
weather  records  were  begun  there  in  1881.  A mean  'temperature  of  2 7.6°F.  in 
1918  came  closest  to  the  27.2°F.  mean  recorded  in  March  1951.  In  Juneau  city 
Hie  lowest  temperatures  and  the  mean  for  January  February  and  March,  1951  are 
noted  here  (See  also  Appendix  D). 


January 

Mean 

26.5°F. 

’Jemal 

27.0 

Minimum 

7.0 

February 

Mean 

25.6 

Formal 

30.1 

Minimum 

10.0 

March 

Mean 

27.2  (26°  at  Airport) 

Normal 

33.8 

Minimum 

-1.0 

It  is  apparent  from  this  that  February  was  the  coldest  month,  although 
the  5th  of  March  was  the  only  day  when  the  temperature  dropped  below  zero  (F.). 

In  January  and  February,  there  was  more  sunshine  in  Juneau  than  is  normally  ex- 
pet  Led,  The  wettest  and  warmest  period  was  from  the  13th  to  the  21st  of  Feb- 
r'  ■’  , during  which  much  of  the  accumulated  snot*  in  and  around  Juneau  melted 
.id  caused  some  difficulty  in  ski-aircraft  operations.  Also,  during  this  period, 
the  heaviest  total  snow  fall  occurred  at  Camp  10,  A total  precipitation  of  2.3 0 
inches  fell  at  the  Juneau  airport  from  February  1 to  the  26th.  This  is  less  than 
55  per  cent  of  the  amount  which  fell  at  Camp  10.  Of  interest  in  the  Juneau 
(airport  and  city  combined)  records  is  the  following: 


Juneau  statistics  for  the  February  period  since  1881^ 


On  Record 

Feb. ‘51 

Highest  Temp. 

55  71955) 

36 

Lowest  Temp. 

-12  (1959) 

-8 

Mean  Max.  Temp. 

31.1  (Av. ) 

28.3  (AV.) 

Mean  Min.  Temp. 

19.5  (Av.) 

15,8 

Mean  Monthly  Temp. 

27.5  (Normal) 

21.6 

Total.  Precipitation  (in.  ) 

5.2  (Normal) 

2.31 

Max.  Wind  (m.p.h.) 

36  SE(1956) 

31  SE 

Total  Snowfall  (in.) 

18.1  (Av.) 

20 

Average  Cloudiness  (per  cent) 

77  (Av.) 

57 

Possible  sunshine  (per  cent) 

35  (Av.) 

51 

from  the  Big  Bull  Mine,  near 

Tulsequah,  B.C. 

on  the  east 

side  of  the  ice  field,  are  also  of  interest.  (See  section  A1  and  Appendix  F 
of  this  report.)  The  temperatures  at  Tulsequah  indicate  a more  continental 
climate  with  all  mean  values  running  0 to  5°  colder  than  at  Juneau  or  Annex 
Creek  during  the  month  of  February.  The  mean  temperatures  at  Camp  10  average 
5°  colder  than  those  at  Tulsequah  and  10°  colder  than  Juneau.  The  precipitation 
at  Big  Bull  Mine  was  about  the  same  as  that  recorded  at  the  Juneau  Airport 
with  the  exception  of  the  month  of  February.  During  that  month  the  precipitation 
at  Tulsequah  was  only  57  per  cent  of  that  at  Juneau  city  and  ^7  per  cent  of 
that  recorded  at  Annex  Creek  in  Taku  Inlet. 


18 


All  ‘temperatures  in  degrees  Fahrenheit 
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It  should  be  pointed  out  that  for  the  whole  area  of  Southeastern 
Alaska,  the  upper  air  circulation  pattern  for  February  was  based  on  a ridge 
of  high  pressure  over  all  of  eastern  Alaska  (continental  sector)  and  a lovr 
pressure  area  in  the  western  Bering  Sea.  This  produced  a westerly  flow  of 
air  over  eastern  Alaska  with  average  to  below  average  wind  velocities.  Pre- 
cipitation, as  in  January,  was  below  normal  throughout  Southeastern  Alaska. 

During  the  first  10  days  of  February  there  was  little  precipitation 
anywhere  in  the  territory.  On  the  9th  and  10th  of  February,  a pronounced 
low  in  the  Bering  Sea  resulted  in  a southeasterly  flow  of  air  in  that  area, 
a westerly  flow  over  central  Alaska,  and  consequently  a northerly  flow  over 
the  Southeastern  Alaska  ’'Panhandle" . Within  several  days,  this  brought  in 
the  southeastern  storms.  From  the  13th  to  the  end  of  February,  stormy  to 
"blizzard"  conditions  prevailed  in  most,  other  areas  of  Alaska,  Apparently 
the  storms  in  the  "Panhandle"  were  not  particularly  abnormal.  The  U.  S. 
Weather  Bureau's  climatological  survey  for  the  month  states  "the  Pacific 
Coast  and  Southeastern  districts  continued  dry  with  the  exception  of  the 
extreme  southern  "Panhandle"  which  received  about  normal  precipitation." 

B.  GLACI0L0G1CAL 

The  glaciological  observations  were  entirely  confined  to  the 
vicinities  of  Camps  10  and  10B.  They  consisted  essentially  of  the  use  of 
standard  snow  profile  techniques  for  the  determination  of  characteristic 
density,  hardness,  stratigraphy,  and  so  forth,  as  well  a3  special  character- 
istics such  as  the  salinity  of  new  snow  samples  and  compaction  and  settling 
rates.  As  a continuation  of  the  1950  summer  research  program,  the  thermal 
regimen  in  the  upper  1?0  feet  of  the  glacier,  including  its  fim  and  winter 
snow  deck,  was  also  investigated.  Records  of  the  surface  and  englacial 
movement  at  Camp  10B  were  obtained.  Each  of  these  programs  is  preliminarily 
discussed  in  the  following  pages.  A complete  presentation  of  the  records 
involved  is  included  in  this  report,  either  in  the  text  or  in  the  appendix. 

Since  most  of  these  studies  were  carried  out  in  the  upper  zone 
of  new  snow,  none  of  which  was  older  than  five  months  (above  the  firn 
surface  of  September  28,  1950?  see  Figure  5),  the  terminology  "new  snow" 
and 'bid  snow"  is  used  in  this  report.  "New  snow"  is  used  to  refer  to  that 
surface  layer  which  was,  at  the  time  of  study,  only  a few  days  old  and  in 
which  the  original  form  of  the  crystals  could  still  be  recognized.  "Old 
snow"  is  considered  to  be  that  settled  and  denser  material  which  fell  a 
month  to  five  months  before  and  whose  transformation  had  advanced  so  that 
the  original  form  of  its  crystals  could  not  be  recognized.  This  arbitrary 
general  classification  for  purposes  of  the  present  report  should,  in  future 
■work  in  this  area,  be  amplified  by  the  refined  nomenclature  recommended  iy 
the  International  Coiurittee  on  Snow  Classification.^ 


I^Appendix  ?.  6f  "Draft  of  an  International  Snow  Classification",  Memo  of 
the  International  Association,  of  Scientific  Hydrology,  Congress  of  tile 
I.U.G.G.,  Brussels,  1951. 
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The  writer  has  recently  given  thought  to  the  problem  of  terminology  in 
the  firn  or  neve  area.  The  following  notea  taken  from  a discussion  of  this 
aspect  in  another  publication,  are  reviewed  here. They  are  pertinent  to 
these  investigations  and  may  be  of  value  in  future  studies  of  this  project. 
These  comments  deal  with  the  general  nomenclature  for  a snow  cover  after 
its  "old  snow"  (as  noted  above)  has  begur  to  be  metamorphosed  into  definitely 
recognizable  firn  and  before  it  has  reached  the  stage  of  densification  which 
we  know  as  solid  ice. 


1.  Notes  on  Terminology 


The  terms  neve  and  firn,  when  used  interchangeably  in  the  same  pub- 
lications in  English  might  cause  one  to  ask  whether  they  should  in  fact 
connote  a difference  in  meaning.  Actually,  their  u3e  should  not  create  too 
much  difficulty..  The  word  firn  is  derived  from  the  German  adjective  fern 
which  means  "of  last  year"  (also  "far"  or  "distant")  and  thus  in  most  usual 
application  refers  to  glacier  enow  from  the  preceeding  year  or  years. 21 
The  French  word  neve  by  definition  means  "a  mass  of  hardened  wnow  of  glacier 
origin" . c-t-  In  English  there  is  nc  single  descriptive  word.  One  would 
instead  probably  use  a phrase  such  as  "consolidated,  granular  snow  not  yet 
changed  to  glacier  ice".  Therefore,  a similar  connotation  exists  in  each 
language. 


French  and  Swiss  glaciologists  usually  consider  that  neve  is  a more  or 
less  dense  and  settled,  although  permeable,  aggregate  of  medium  to  large  in- 
dividual grains  formed  and  welded  together  by  frequent  alternations  of 
melting  and  freezing  on  the  surface  of  original  snow  crystals,  and  in  which 
one  often  finds  numerous  layers  of  ice.  More  generally,  they  use  the  word  to 
refer  to  the  overall  snow  cover  which  exists  during  the  melting  period  and 
sometimes  from  one  year  to  another. 23 

The  definition  of  firn  adopted  by  the  Eidgenossische  In3titut  fur 
Schnee-und  Lawinenforschung  at  Davos,  Switzerland  and  included  in  the  latest 
"Draft  on  an  International  Snow  Classification" of  the  International  Associ- 
ation of  Scientific  Hydrology  is  as  follows:  "old  snow  which  outlasted  one 
summer  at  least  (transformed  into  a dense,  heavy  material  as  a result  of 
frequent  melting  and  freezing)". 


£ 


20See  note  by  Miller,  M.  M,  concerning  "The  Terms  Neve  and  Firn",  Journal  of 
Glaciology,  Vol.  2,  No.  12,  1952,  pp.  150-151. 


2^ -DeVries,  L.,  German-English  Science  Dictionary,  McGraw-Hill  Book  Co.,  New 
York,  19U6.  Also  see  Cassell’s  German  and  English  Dictionary,  1951. 


po  , 

Noveau  Petite  Larousse,  Dictionnaire  Encyclopedique,  1951 

2-^.ioch,  Andre.  "Precisions  sui  quelques  termes  e'e  langus  francaise  ccn- 
cernant  le  neige  et  les  avalanches",  Die  Alpen.  Jehrg  20.  19hh,  pp.  21-23.' 
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Since  all  of  our  scientific  nomenclature  cannot  practically  be  re- 
duced to  one  language,  it  should  be  acceptable  to  use  the  French  or  German 
or  even  an  appropriate  English  equivalent,  according  to  the  dictates  of 
one's  particular  native  tongue.  One  should  not  reasonebly  expect  a French 
glaciologist  to  substitute  the  word  fim  for  the  analagous  term  nave  in  his 
own  language  and  of  course,  vice  versa*  Ve  English  speaking  persons 
actually  bear  the  burden  because  we  are  moat  willing  to  employ  either  of 
the  foreign  terms  than  to  use  a phrase  of  our  own.  This  is  true  due  to  the 
advantage  of  brevity  and  also,  of  course,  since  each  has  become  well  en- 
sconsed  in  the  mass  of  glaciological  literature  which  has  been  written  in 
French  and  in  German. 


If  any  differentiation  is  warranted,  it  should  certainly  not  be 
one  which  eliminates  all  synonymity.  On  the  other  hand,  it  might  be  useful 
for  publications  in  English  more  universally  to  adopt  the  word  neve  as  a 
geographic  term,  e.g.  the  Taku  Glacier  neve,  meaning  the  highland  area  of 
the  Taku  Glacier  covered  with  perennial  snow  and  thus  lying  entirely  in 
the  zone  of  accumulation.  The  word  fim  could  then  be  more  usually  applied 
in  reference  to  the  material  itself.  In  this  way,  the  original  meaning  of 
both  terns  would  bo  left  intact,  and  the  confusion  introduced  by  indiscri- 
minate use  of  them  in  any  one  publication  would  be  eliminated.  This  would 
also  be  in  accordance  with  the  view  taken  by  some  British  glaciologists 
including  Hr.  Gerald  Seligman,  who  as  long  ago  as  1936  published  tne  follow- 
ing suggestion: 


"If  we  take  'Fim  Snow'  (I  prefer  this  va>rd  to  Fim)  and  use  it 
, for  snow  particles  in  the  befimed  condition  and  'Neve*  to  indicate  the 

accumulation  area  above  a glacier,  we  give  the  t wo  words  distinct  meanings 
I and  have  neater  and  conciser  terms  for  the  two  things  than  exist  in  either 

I - French  or  German. 

■ Concerning  application  of  these  terms  to  snow  cover  on  high  polar 

! glaciers  (or  even  possibly  in  relatively  dense  "old  snow"  during  winter 

months  on  a temperate  glacier  such  a3  the  Taku),  a modified  or  qualified 
nomenclature  might  be  advisable.  This  is  brought  to  mind  more  and  more 
< as  differences  in  physical  aspects  end  in  metamorphic  processes  in  temperate 

and  polar  glaciers  are  quantitatively  outlined.  On  the  antarctic  continental, 
plateau  and  at  the  ice  cap  surface  near  the  center  of  Greenland,  practically 
no  thaw  water  plays  a part  in  the  "fimification".  In  such  cases,  for  field 
use  at  least,  a terminology  based  on  density  might  be  of  value  (or  in  the 
laboratory  the  basis  of  permeability  could  be  used).  An  arbitrary  line  of 
division  for  fim  could  perhaps  most  simply  be  placed  at  specific  gravity 
0.7h,  which  has  been  shown  experimentally  to  be  the  maximum  density  fim 
can  achieve  due  only  to  the  process  of  compaction  of  spherical  grains 
without  presence  of  melt  water. ^5 


* f 


^Seligman,  Gerald,  "Snot;  Structure  and  Ski  Fields",  hac  Millan  and  Co., 
London,  1936,  p.  116. 

23>de  Quervain,  iiarcel,  "iiitteilungens  aus  dem  Schweizer  Eidgenossi6che 
liistitut  fur  Schnee-und  Lawinenforschung",  Hechaniseh-Kristallographiache 
ilntersucl  .ungen,  19ii6 . 
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Under  high  polar  conditions  (or  sometimes  in  winter  surface  snow 
cover  in  temperate  areas),  greater  densities  usually  occur  by  following  a 
fairly  smooth  curve  of  gradation  at  depth  until  the  density  of  clear  glacier 
ice  is  reached  and  maintained.  This  transition  undoubtedly  involves  re- 
crystallization under  compressive  stress,  perhaps  including  "plastic" 
deformation  as  well  as  growth  of  individual  grains  without  infiltration  of 
melt  water.  In  some  manner  the  intra-crystalline  spaces  become  smaller  and 
more  cut  off  from  one  another,  so  that  both  the  mass  porosity  and  the  per- 
meability are  reduced.  T hcr?  o division  line  for  glacier  ice  should  reasonably 
lie  in  this  final  sequence  of  the  metamorphosis  is  difficult  to  suggest.  In 
temperate  summer  conditions,  a density  division  even  at  lower  values  is  often 
difficult  because  of  supplementary  diagenetic  changes  involving  the  refreezing 
of  percolated  melt  water.  Thus,  irregular  ice  structures  are  produced  which 
transect  layer  boundaries  in  even  some  of  the  youngest  stratigraphic  horizons. 
This  results  in  a much  more  irregular  increase  of  firn  density  at  depth.  In 
either  case,  the  true  nature  and  variations  in  the  process,  causing  subsequent 
physical  changes  in  the  intermediate  ("firn-ice"?)  stage  between  densities 
0.7U  and  0.92,  are  not  yet  well  enough  known  to  warrant  more  than  general 
consideration,  here  may  be  a line  of  genetic  difference  upon  which  a refined 
nomenclature  for  perennial,  snow,  at  least  that  in  polar  regions,  could  be 
based. 

2.  Periodic  Snow  Profiles 


Along  the  line  of  effort  during  previous  summer  seasons,  records  were 
made  of  the  various  components  comprising  the  mid-winter  snow  profile  above 
the  1950  firn  surface  at  Camp  10B.  These  data  are  presented  below. 

( a ) Density  and  Hardness  Measurements  in  1950-51  Winter  Snow  Pack 

above  19^0  Firn  Level 


A toothed  U00  to  5>00  cc.  hand  corer  was  employed  to  obtain  the 
density  profiles  in  pit  A on  the  7th,  10th  and  19th  of  February.  (See  Figure  h 
and  Appendix  K.)  Measurements  were  taken  horizontally  on  the  wall  of  a tes+ 
pit  at  vertical  increments  of  usually  li  inches  (with  some  spacing  as  little 
as  1 in.  and  others  up  to  6 in.)  between  each  reading.  The  reference  level 
used  was  the  previous  summer's  firn  surface  with  the  new  snow  surface  as  a 
check  level  at  the  time  of  record.  In  Table  V and  Section  B2  (c)  of  this 
report,  the  absolute  reference  level  in  relation  to  the  February  21  new  snow 
surface  and  the  late  September  1950  firn  surface  is  noted.  Also,  there  can  be 
found  a comparison  of  records  vrith  compaction  data,  snow  stratigraphy  and 
other  chaiacteristics  of  the  mid-winter  snow  profile  at  this  site.  Figure  li 
illustrates  the  nature  of  increase  in  density  values  and  corresponding  hardness 
at  various  depths  during  the  period  of  observation.  These  are  attributed 
entirely  to  normal  settling  and  also  to  compaction  as  a result  of  the  weight 
of  additional  new  snow  v;hich  fell  on  this  surface  in  February.  An  analysis  of 
these  factors  will  be  presented  in  a subsequent  report. 


SPfCIflC  GRAVITY 


Fic.  4.  Gra(  li  of  density  and  hardness  values  in  February  snow  paek  at  Carip  10B. 
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On  February  21  a profile  of  snow  hardness  was  also  obtained  on  a 
freshly  exposed  portion  of  the  west  wall  of  pit  A.  at  Camp  108.  A standard 
NX  Canadian  plate  gauged  was  employed  on  loan  through  the  kindness  of 
G.  J.  Klein  of  the  National  Research  Council  of  Canada.  In  addition  to 
the  representation  in  Figure  U,  the  tabulated  results  xn  grams  per  square 
centimeter  are  listed  iri  the  tables  of  Appendix  H.  These  are  oelxevea  to 
be  representative  and  statistically  significant  on  the  basis  of  mean 
values  from  10  to  15  samples  taken  at  layer  intervals  of  one  to  six  inches. 
There  is  some  correspondence  between  density  and  hardness  values,  but  an 
analysis  of  the  factors  involved  will  be  delayed  until  further  comparative 
records  are  obtained  to  supplement  those  presented  here. 

(b)  settling  Rates  and  Compaction  Records 

Periodic  measurements  were  taken  of  the  compaction  of  the 
horizontal  pack  of  old  and  new  (1950-51)  snow  above  the  1950  late  summer 
firn  level  in  pit  A at  Camp  10B  during  the  period  of  February  11th  to 
25th.  Because  these  observations  had  to  be  made  in  a snow  deck  which  had 
no  previously  installed  reference  levels  (such  as  colored  strings  stretched 
between  posts  prior  to  the  commencement  of  winter  accumulation),  it  was 
necessary  to  m.!  ;iate  a system  for  recording  compaction  which  would  result 
in  the  least  amount  of  disturbance  to  the  layers  being  measured.  This  was 
accomplished  in  the  lower  snow  layers  by  implanting  a series  of  six  hori- 
zontally-placed, cylindrical  wooden  wands  of  l/ij"  diameter.  Each  wand  was 
carefully  pushed  into  the  snow  at  the  desired  ^evel  from  the  vertical  wall 
of  a pit  dug  down  from  the  glacier  surface.  Successive  measurements  were 
thereafter  taken  periodically  between  the  center  positions  of  each  wand. 

The  vertical  distribution  of  these  wands  and  their  relationship  to  the 
snow  pack  in  which  the  progressive  February  density  measurements  were  taken 
is  shewn  in  the  profile  sketch  of  W.l  to  W.6  in  Table  III.  Their  position 
is  also  tabulated  in  the  following  Table  IIA.  The  reference  used  was  the 
1950  firn  surface  as  shown. 

In  addition  the  settling  rates  in  layers  of  new  snow  were 
observed  by  noting  the  change  in  successive  vertical  positions  of  a series 
of  five  other  wands  at  a subsidiary  site  (B).  These  were  installed  in 
such  a manner  as  to  extend  the  readings  at  greater  depths.  (See  W.  A to 
W,  E in  Table  III  column  7.)  These  measurements  were  obtained  between  the 
20th  and  25th  of  February  in  which  period  9-l/U"  of  surface  snow  were  re- 
moved by  wind  corrasion  and  in  which  an  aggregate  of  10. of  settling  also 


of,  , 

For  a description  of  this  instrument  and  its  comparative  merit  with  other 

such  devices  see:  de  Quervain,  M.  "Die  Festigkeitseigenschaften  der 
Schneedecke  und  Ihre  Messung",  SonderdrucK.  aus  der  Ceitschrift,  Geo'-’isica 
Pura  e Applicata,  Milano,  Bu.  XVIII  (Soroigliqpa-Festband),  1950;  also 
refer  to:  Klein,  G.J.,  Pearce,  D.C.  and  Gold,  L.V7.  "Method  of  Measuring 
the  Significant  Characteristics  of  a snow-cover",  (Tech.  Memo.  No.  18) 
National  Research  Council  of  Canada,  P.eport  No.  2269,  Ottawa,  1950. 
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occurred  at  the  surface  (Table  I1B).  The  reference  upon  which  these  measure- 
ments were  based  was  an  eight  foot  cylindrical  wooden  dowel  firmly  pounded  in 
a vertical  position  from  the  surface  into  the  denser  part  of  the  snow  pack  at 
depth.  It  is  considered  that  the  settling  of  this  reference  stake  in  relation 
to  the  19^0  firn  level  was  negligible  during  the  five  day  period  of  measurement. 

Settling  and  compaction  records  from  each  of  the  above  profiles 
are  given  in  the  following  tables.  Table  JIB  may  be  considered  to  supplement 
i'aole  1 JLA  as  shown  by  the  diagrammatic  representation  in  Table  Jtt.  ^ 
stressed  that  both  of  these  sets  of  short-period  data  represent  mid-winter 
compaction  of  new  to  old  snow  lying  on  a nearly  horizontal  surface  and  under 
sub-freezing  conditions  in  which  no  thaw  water  was  present  during  the  period 
of  observation.  (See  other  sections  of  this  report  for  information  on  the 
stratigraphic  character  of  these  profiles  and  on  hardness,  density,  crystal  size 
and  snow  types  at  the  various  levels  influenced  by  compaction  and  settling. ) 


Table  II.  Compaction  Data,  Camp  10B,  upper  Taku  Glacier 


A . In  Pit  A,  New  and  old  snow  (1950-51) 


( 1 ) Date  of  measurement : 
Time  of  Measurement : 
Surface  Conditions  : 


11  February  1951 
1200  P.S.T. 

New  dry  fluiby  arid  platy  snovi  in  fine 
layers;  crystals  of  types  1 and  2 ,27 
Air  temperature  -15®C.  (5"F. ) Surface 
snow  temperature,  -16° C.  (3.2JF.) 


Reference 

wand 

Location  relation 
surface  and  levels 
of  measured  density 
(density  holes  of 
8 February) 

Location  above 
1950  fim 
surface 
(feet  and 

inches)  (mm) 

Measured 
distance  be- 
tween centers 
of  reference 

wands 

surface 

10 '3" 

312U 

7" 

1. 

7"  below  snow  sur- 
face Sc  5-1/8"  above 
center  density  hole 
No.  1 

9*8" 

29U7 

5-1/8" 

2. 

Base  d.h.  No.  1 

9' 2-7/8" 

2819 

1' 11-6/7" 

3. 

Base  d.h.  No.  7 

7 ’3-1/8"  . 

2210 

1' 11-6/8" 

u. 

Base  d.h.  No.  13 

5’ 3-3/8" 

1610 

2 ’7-3/8" 

5. 

Base  d.h.  No.  20 

2 ’8" 

813 

2 ’ 8” 

6. 

Base  d.h.  No.  29 

0 

0 

^ Code  of  precipitation  forms.  International  Snow  Classification,  1951 
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A.  (2) 


I 

I 


Date  of  Feasurenent:  21  February  1951 

Time  of  fceasurementT  1100  P.S.T. 

Surface  Conditions:  Approximately  three  (3)  feet  of  new  snow,  2-5 

days  old.  (See  appendixed  meteorological 
record  and  Fig. 5 for  changes  in  surface  con- 
ditions and  for  an  approximation  of  the  net 
results  of  accumulation  and  •wind  corrasion 
since  11  February. ) 


Reference 

wand 

Location  relation 
surface  and  levels 
of  measured  density 
(density  holes  of 
8 February) 

Location  above 
1950  firo 
surface 
(feet  and 
inches)  (mm) 

Measured 
distance  be- 
tween centers 
of  reference 
wands 

Compac- 
tion 
since 
11  Feb. 

surface 

12 ’6-1/8" 

3010 

1. 

3* 6"  below  surface 
of  this  date  which 
indicates  upwards  of 
2' 11"  of  net  surface 
accumulation  since  pre- 
vious reading  on  11  Feh. 

9 '-1/8" 

27h3 

2'-5/l6" 

2-13/16' 

2. 

Base  of  d.h.  No.  1 

8 >9-13/16" 

2692 

1 >9-7/16" 

2-5/16" 

3. 

Base  of  d.h.  No.  7 

7' -3/8" 

211*3 

1> 10-1/2" 

l-l/u;> 

u. 

Base  of  d.h.  No.  13 

5> 1-7/8" 

1575 

2'6-1/U" 

1-1/8" 

5. 

Base  of  d.h.  No.  20 

2 '7-5/8" 

813 

2 >7-5/8" 

3/8" 

6. 

Base  of  d.h.  No.  2? 

0 

0 

Total  com-  7-7/8" 

paction  be- 
tween wands 
1 & 6 (10  days) 

Supplementary  data  - 21  February  1951 


between  wand  1 and 
between  bottoms  of 
between  bottoms  of 
between  bottoms  of 
between  bottoms  of 
between  bottoms  of 

! 


base 

of 

d.h.  1 (Table  III): 

3-1/8" • 

d.h. 

1 

and  d.h,. 

7: 

1> 8-11/16 

d.h. 

7 

and  d.h. 

13: 

1> 10-9/16 

d.h. 

13 

and  d.h. 

20: 

2 >6- 3/8" 

d.h. 

20 

and  d.h. 

29: 

2 >7- 3/8" 

d.h. 

29 

and  d.h. 

30: 

0>k» 

Distance 

Distance 

Distance 

(Distance 
Distance 
Distance 


| 


1 
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A.  (3) 


Date 

Time 

of  Measurement • 
of  Measurement : 

?S  February  1951 
2000  P.3.T. 

b'uiu 

ce  Conditions: 

The  surface  of  the  previous  snow  accumulation 
(prior  to  21  Feb.)  had  dropped  nearly  one  foot, 
due  to  various  factors,  in  the  intervening 
k day  period. 

Reference 

Location  relation 

Location  above 

Measured  Cora- 

wand 

surface  and  levels 
of  measured  density 
(density  holes  of 
8 February) 

1950  fim 
surface 
(feet  and 
inches)  (nun) 

distance  be-  paction 
tween  centers  since 
of  reference  11  Feb. 
wands 

surface 

llA-lA"  3u51i 

1. 

2' 7"  below  snow  sur- 

face  due  to  combina- 
tion of  settling  of 
this  new  surface  snow 
layer  (1-3/b")  and  to 
wind  corrasion  (9-lA") 
and  drifting.  By  these 
processes,  a total  drop 
in  the  surface  of  11" 
occurred  in  this  h day 


period. 

8'9-lA" 

2667 

2. 

3ase  of 

d.h.  No.  1 

8*7" 

2616 

2-1  A" 

1/16" 

3. 

Base  of 

d.h.  No.  7 

6 *10-3  A" 

2108 

1'8-lA" 

1-3/16" 

h. 

Base  of 

d.h.  No.  13 

5'1-lA'1 

15u9 

1' 9-1/2" 

1" 

5. 

Base  of 

d.h.  No.  20 

2'7~lA" 

787 

2 '6" 

l/u" 

6. 

Base  of 

d.h.  No.  29 

0 

0 

2'7-lA" 

3/8" 

Total  com-  2-7/8" 

paction  be- 

j , tween  Viands 

1 C.  6 (li  days) 

i 

f 


I fc 

i < 


k 
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B • -Settling  Rates  in  Fresh  Sncyj  on  Horizontal  Surface,  pit  B,  Camp  1QB. 

Data  from  period  of  February  20-23,  1951.  (In  this  period,  9-l/it"  of 
surface  snow  were  removed  by  wind  corrasion.)  In  addition  to  the  rates 
of  settling,  the  initial  positions  of  wands  A-E,  in  respect  to  the  cur- 
rent snow  surface,  are  shown.  These  wands  were  inserted  in  the  snow 
horizontally  at  the  reference  levels.  (See  locations  in  Table  III.) 

,Tand  A Wand  B Wand  C Viand  D Wand  E 


Initial  depth  below  February  20th  surface 


3" 

1*3" 

2*3" 

3 ’3" 

53" 

Hour  Date 

Settling  Rates  (mm) 

135  2/20  to 
235  2/20 

26 

11 

13 

5 

it 

235  2/20  to 
115  2/21 

27 

15 

13 

5 

2 

Ii5  2/21  to 
235  2/21 

31 

27 

lh 

13 

it 

2315  2/21  to 

llli5  2/22 

30 

9 

h 

-- 

— 

115  2/22  to 

235  2/22 

30 

8 

9 

— 

— 

235  2/22  to 

115  2/23 

h 

12 

12 

12 

it 

1115  2/23  to 
235  2/23 

ho 

lh 

8 

6 

3 

235  2/23  to 
115  2/2U 

26 

11 

lit 

it 

6 

115  2/2U  to 
235  2/21 

25 

16 

11 

9 

it 

235  2/2U  to 
115  2/25 

26 

23 

19 

h 

55 

5 day  total 
compaction 

265 

(or  10.it") 

1U6 

(5.7”) 

117 

(it. 6") 

58 

(2.3") 

31-32 

(1.2") 

Note:  The  following  amounts  of  new  snow  were  added  to  the  snow  surface  during 

this  five  day  period: 

On  February  20th  - trace  On  February  23rd-2,t 

" 21st  - 1/2"  " 2ijth-l/2" 

" 22nd  - 3-1/2"  » 25th-trace 
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(c)  Stratigraphic  Relationships  and  Layer  Characteristic; 


For  a two  week  period  at  Camp  10B,  a partial  recoid  of  snow 
stratigraphy,  grain  characteristics,  and  other  features  was  assembled.  It  is 
regretted  that  a longer  or  more  continuous  period  of  observation  could  not 
have  been  instituted  so  that  a better  comparison  and  a significant  analysis 
of  progressive  changes  in  the  snow  profile  could  be  made.  The  data  listed 
in  Table  III  are,  however,  probably  representative  of  conditions  in  the 
3now  cover  on  this  glacier  at  any  such  mid-winter  period.  For  comparative 
puiposes,  pertinent  density  values  over  nearly  the  same  period  and  some 
data,  regarding  snow  compaction  and  settling  are  included. 

As  shown  also  by  the  facts  in  Section  B2  (a)  and  Appendix  H, 
a progressive,  but  somewhat  irregular,  increase  in  density  and  hardness 
exists  at  depth.  This  was  also  attended  by  a slight  increase  in  grain  size 
at  depth  which  may  be  partially  attributed  to  the  higher  temperatures  under 
which  Initial  accurau1 ation  and  metamorphism  occurred  in  the  autumn  and  early 
winter  layers.  It  vasrot  possible  to  detect  grain  growth  at  any  one  level 
during  the  two  week  period  cf  profile  measurement.  It  is  clear,  however, 
that  no  prominent  ice  bands  and  few,  if  any,  diagenetic  ice  structures  had 
been  formed  in  the  autumn  and  winter  snow  layers  up  to  the  time  of  observa- 
tion 3n  February,  although  the  presence  of  relatively  harder  and  more  im- 
permeable (wind-packed)  layers  in  the  compact  powder  snow  profile  could  be 
seen.  These,  plus  a few  of  the  very  thin  ice  lamellae  present  in  the  lower 
part  of  the  section,  were  likely  incipient  loci  of  future  ice  bands  as  the 
metamorphism  of  this  snow  pack  into  firr.  proceeded  in  subsequent  months. 

The  high  density  of  the  previous  year's  fim  beneath  the  1950 
(19li9)  reference  level  is  of  special  interest  here.  This  is  attributed  to 
two  factors:  (1)  the  sub -freezing  conditions  experienced  at  these  depths 

during  February  (see  Section  B3  (b)  of  this  report),  and  (2)  the  fact  that 
actually  the  firn  level  at  that  depth  represented  the  19b9  budget  year, 
since  at  Camp  10B  all  of  the  19li9-50  accumulation  had  been  removed  by  ab- 
lation up  to  September  1950.  Thu3,  at  this  level,  1950  was  a year  with  a 
net  accumulation  loss. 

No  detailed  analysis  of  the  data  in  these  profiles  is  attempted 
in  this  report  because  our  purpose  has  been  primarily  to  present  the  facts. 
Whatever  detailed  interpretations  are  warranted  will  be  drawn  from  a com- 
bination of  these  records  and  information  obtained  from  late  spring  and 
summer  studies  at  this  and  related  locations. 

(d)  Absence  of  Free  VFater  in  the  Mid-winter  Snow  Cover 


Cn  February  21,  in  pit  A at  Camp  10B,  handfuls  of  water  soluble 
fluorescein  dye  were  scattered  in  wall  recesses  dug  at  the  16",  36",  60" 
and  110"  levels  below  the  surface  of  that  date.  The  dye  was  employed  on 
both  the  south  and  north  walls  of  the  pit.  These  recesses  were  left  open 
to  the  air,  but  were  shaded  from  direct  sunlight.  Two  additional  wall 
recesses,  one  at  the  12"  depth,  and  another  at  the  U8"  horizon,  were  filled 
with  fluorescein  powder  and  closed  in  with  snow  so  that  no  direct  atmos- 
pheric influences  were  in  effect,  m successive  days  until  February  25th 
both  the  open  recesses  and  those  which  had  been  enclosed  were  checked  for 
the  presence  of  solution  and  migration  of  this  dye,  either  horizontally  or 
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vertically,  in  accordance  with  the  existence  of  any  free  water.  During 
this  period  of  observation,  it  was  found  that  the  powder  remained  in  place 
and  undissolved.  During  the  five-day  period,  air  temperatures  at  the 
surface  of  the  glacier  were  well  below  freezing  (10°  to  20° F.)  The  tem- 
perature of  the  snow  Itself  was  likewise  well  below  freezing  for  some  tens 
of  feet  in  depth.  (See  Section  133.)  Thus,  conditions  may  be  considered 
to  have  been  "polar"  or  high  arctic  in  character,  as  far  as  the  nature 
cf  snow  metamorphosis  and  other  changes  during  this  period  are  concerned. 

Some  of  the  rounded  grains  in  layers  of  settled  snow  in  the 
profile  at  times  of  observation  were  not  the  result  of  melting.  The 
sphericity  of  their  crystals  was  rather  a result  of  considerable  abrasion 
of  one  particle  against  another  during  periods  of  wind  storm  and  of  drift- 
ing prior  to  their  final  deposition.  For  example,  this  situation  was  seen 
to  prevail  in  the  period  during  and  immediately  following  the  let-up  of 
the  severe  blizzard  on  the  18th  and  19th  of  February.  Layers  in  the  se- 
quence of  settled  powder  snow  in  which  individual  crystal  facets  could  be 
clearly  recognized  were  at  levels  which  had  apparently  escaped  the  re- 
working action  of  wind  via  processes  of  deflation  and  subsequent  re-deposi- 
ticn.  This  means  they  had  been  deposited  at  times  of  slight  or  no  wind  and 
heavy  precipitation,  so  that  they  immediately  became  well  buried  in  a 
relatively  undisturbed  manner.  Because  the  subsequent  temperatures  at  these 
anew  levels  had  remained  low,  further  growth  of  crystals  had  undoubtedly 
been  retarded  with  the  result  that  the  major  metamorphosis  in  this  early 
stage  of  fim  development  was  due  to  compaction.  Most  of  the  grains  on  the 
interfaces  between  distinctly  different  snow  layers  were  rounded,  indicating 
deposition  or  re-depcsitior.  and  drift  during  periods  of  high  wind.  Although 
in  a general  way  an  increase  in  grain  size  with  depth  may  be  detected  (Table 
III),  the  size  of  crystals  in  individual  snow  layers  often  seemed  to  bear 
little  or  no  genetic  relationship  to  depth.  This  was  true  at  least  in  the 
1950-51  snow  deck. 

As  for  the  presence  of  mobile  water  during  the  winter  months, 
it  appears  that  englacially  in  and  below  the  deeper  parts  cf  the  fim  and 
in  tile  bottom  parts  of  the  glaciers  themselves,  there  is  some  continuing 
water  drainage.  This  was  testified  to  by  the  fact  that  in  January  to  March 
1951,  water  could  be  seen  flowing  in  the  outlet  streams  from  the  low  level 
termini  of  peripheral  glaciers.  This  suggests  that  even  in  the  highland 
areas,  well  covered  b>  sub-frozen  snow  pack,  unfrozen  water  is  impounded  at 
depth  i.n  holes  and  in  the  bottom  of  some  of  the  deepest  crevasses.  Theo- 
retically this  is  possible  as  long  as  the  impounding  is  below  the  level  of 
penetration  of  the  winter  cold  wave.  As  shown  in  Figure  6,  the  seasonal 
chill  at  the  3>600  foot  level  lid  not  seen  to  extend  deeper  than  70  feet 
below  the  mid-February  snow  surface  in  iced  fim.  Previous  measurements 
of  the  depths  of  crevasses  at  this  site  showed  the  deepest  ones  to  be  as  much 
as  UO  feet  deeper  than  the  level  of  measured  penetration  of  seasonal 
cold.  Thus,  impounded  water  in  these  larger  fissures,  although  it  may  have 
a frozen  surface,  likely  remains  in  the  liquid  state  at  the  very  bottom  of 
the  crevasse.  From  such  perennial  reservoirs  slow  drainage  may  continue  to 
occur  along  periodic  openings  and  fractures  leading  to  deeper  levels  where 
the  glacier  is  constantly  at  the  pressure  melting  point.  By  virtue  of  this, 
sub-glacial  drainage  streams  could  be  consistently  fed  throughout  the  year 
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by  tricklings  of  water  from  the  higher  regions.  Although,  of  course,  in 
the  winter  months  the  volume  of  flow  from  this  oource  is  much  reduced.  Of 
supplementary  interest  is  the  fact  that  the  field  party  working  at  Camp  10B 
in  February  occasionally  felt  a staccato  shock  as  a result  of  adjustments 
in  the  glacier  at  depth.  These  sudden  adjustments  are  probably  accompanied 
by  fracturing  and  the  occasional  opening  up  of  new  drainage  channels  along 
which  such  impounded  waters,  even  in  high  winter,  may  well  find  an  egress 
to  lower  levels  and  into  sub-glacial  outlet  streams. 

(e)  Chemical  Analyses  of  Snow  Samples  for  Chlorides 

Samples  of  new  snow,  old  snow,  fim,  and  glacier  ice,  from 
the  surface  to  depths  as  great  as  276  feet,  were  obtained  at  Camp  10B 
during  August-Septembei  1950,  in  February  1951  and  in  June  1951.  Chloride 
and  sodium  chloride  analyses  of  the  water  from  these  samples  were  made  by 
the  project's  chemist,  Mr.  H.  J.  Kothe,  at  the  Fleischmann  Laboratories 
in  New  York  City.  Mr.  Kothe,  a member  of  the  1950  field  party,  also  aided 
in  the  collection  of  some  of  the  samples  in  the  field. 

Decontaminated  bottles,  supplied  by  the  A.  H.  Thomas  Co,, 
of  Philadelphia  and  by  Dr.  Louis  Ray  of  the  U.  S.  Geological  Survey,  were 
used  in  collecting  water  samples.  No  distilled  water  was  available.  Where 
there  was  any  doubt  about  the  proper  decontamination  of  bottles,  they  were 
carefully  boiled  in  snow  water,  rinsed  six  times  in  some  of  the  water  to 
be  collected  and  then,  after  filling,  were  sealed  tightly  with  decontami- 
nated corks. 


It  is  of  interest  to  note  the  relatively  larger  quantity  of 
salines  in  the  fim  snow  samples  taken  in  the  summer  as  compared  to  those 
taken  at  the  surface  in  the  winter;  e.g.,  the  samples  taken  in  August 
1950  and  June  1951  as  compared  to  those  taken  in  February  1951.  The  cal- 
culated sodium  chi'  ide  content  at  the  August  1950  surface  represents  an 
increase  of  15  tin.  s that  of  new  winter  snow  analyzed  at  this  same  site  in 
February  1951.  This  is  undoubtedly,  in  part,  related  to  the  concentration 
of  salts  in  the  surface  layers  due  to  ablation,  evaporation  and  downward 
melt  water  percolation,  but  it  also  may  indicate  an  increase  in  wind  blown 
oceanic  vapors  during  these  highly  humid  summer  months.  Cold  and  drier 
air,  more  continental  in  nature,  is  the  rule  in  mid-winter.  These  winds 
would  probably  carry  much  less  salines  onto  the  ice  field  from  the  coast. 
The  full  significance  of  this  and  other  variations  in  saline  content, 
especially  that  in  samples  1-7  (1550)  has  not  yet  been  determined. 

However,  results  to  date  indicate  that  there  is  no  significant  change  in 
chloride  concentration  with  depth  of  sample. 

All  core  samples  (Table  IV)  were  obtained  from  drill  borings 
at  Camp  10B  m late  August  or  early  September  1950.  Each  sample  was 
slightly  dirty,  i.e.  it  contained  small  amounts  of  dust,  possibly  washed 
from  the  air  by  rain,  or  wind-blown  from  nearby  rock  outorops  during  the 
summer  months.  It  is  known  that  chloride  in  water  may  be  derived  from 
different  sources  such  as  mineral  deposits,  ocean  vapors  carried  inland  by 
the  wind,  or  wind  blowing  over  saline  flats  at  low  tide,  and  so  forth. 

The  following  table  shows  sample  locations  and  reference 
levels  for  the  data  obtained  and  the  chloride  and  sodium  chloride  analyses. 
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Table  IV.  Chloridc-Sodlrun  Chloride  Content  of  Snow  and  Ice  Samples,  Camp  10B2^ 


Sample 

Depth, 

10B 

Date 

p.p.m. 

Chloride 

p.p.m. 

iTaCl2? 

A, 

gran,  snow 

2-1/2'  below  surface 

8/  9/50 

ko5 

7.ii 

B, 

ice  core 

110',  drill  hole  1 

8/16/50 

0.3 

o»5 

c. 

11  11 

2U3',  " " 1 

8/17/50 

0.3 

0.5 

D, 

11  11 

276',  « " 1 

8/18/50 

0.3 

o.5 

1, 

summer  fim  core 

25 ' , " " 3 

8/27/50 

1.5 

2.5 

2, 

ti  11  11 

60',  » » 3 

8/28/50 

2.9 

U.8 

3, 

ti  11  n 

*7^1  11  11  3 

8/29/50 

0.3 

0.5 

u 11  11 

100',  » » 3 

8/30/50 

0.3 

0.5 

ice  core 

125',  " " 3 

9/  1/50 

1.5 

2.5 

6, 

n 11 

160',  » " 3 

9/  2/50 

2.9 

It. 8 

7, 

11  11 

170',  » » 3 

9/  2/50 

0.3 

0.5 

1, 

winter  snow 

at  surface  (fresh) 

2/lh/Sl 

0.3 

o.5 

2, 

11  u 

at  surface 

2/18/51 

0.3 

o.5 

3, 

11  11 

3'  below  surface 

2/U/51 

o.h 

0.7 

b, 

11  n 

5-1/2'  below  surface 

2/lii/51 

0.3 

0.5 

5, 

ti  11 

8'  below  surface 

2/W51 

0.3 

o.5 

6, 

11  it 

10-1/2'  below  surface 

2/1U/51 

0.3 

o.5 

7, 

"SchwmTsehnee" 
(autu  1^7  0) 

layer  on  top  of  1950 
summer  firn  surface. 

2/15/51 

0.3 

0.5 

8, 

firn,  1.  1 0 

h"  below  1950  late 
summer  ablation 
surface 

2/D4/51 

0.3 

o.5 

1, 

spring  fim 

It1  below  surface 

6/11/51 

O.U 

0.7 

2, 

11  11 

8'  » 

6/11/51 

0.3 

o.5 

3, 

11  11 

12'  " " 

6/11/51 

0.3 

0.5 

h, 

11  11 

16'  " " 

6/11/51 

0.3 

o.5 

5, 

it  11 

20*  " » 

6/11/51 

O.h 

0.7 

28 

Procedure  used  for 

these  analyses  is  the 

official  method  as 

described 

"Standard  Methods  for  the  Examination  of  Water  and  Sewage",  published  by  the 
American  Public  Health  Association^ 1936. 

29 


p.p.m.  : parts  per  million  sodium  chloride,  calculated  from  the  experi- 
mentally determined  p.p.m.  of  chloride  value. 
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3.  Temperature  Measurements  in  the  Firn  and  Glacial  Ice  at  Depth 

By  means  of  alcohol  and  electrical  r sistance  thermometers, 
temperature  measurements  were  obtained  in  the  winter  snow  pack,  in  the  under- 
lying firn  horizons  and  in  levels  of  true  glacier  ice  down  to  170  feet 
below  the  February  21  surface  (Figure  5).  The  Tasu?.ts  of  measurements  made 
in  the  winter  snow  pack  with  standard  thermometers  are  presented  first  and 
then  the  data  are  listed  as  obtained  from  the  thermistor  records. 

(a)  Temperatures  in  the  1950-51  Snow  Pack 

At  Camp  10B  a Taylor  alcohol  thermometer  and  a standard 
Heather  Bureau  low  temperature  thermometer  were  used  to  obtain  snow  tem- 
peratures as  noted  below.  For  purposes  of  interpretation  of  this  record, 
one  is  referred  to  the  snow  profile  record  in  Section  B,  2 ^c)  of  this 
report.  The  reference  horizon  used  was  the  top  of  the  1-2  inch  ice  band 
which  positioned  the  surface  of  the  1950  (191*9)  firn.  This  reference  hori- 
zon in  February  of  course  varied  in  depth  beneath  the  current  snow  surface 
as  a result  of  changes  in  that  surface  from  repeated  accretion,  corrasicn 
and  settling  of  new  snow.  For  part  of  the  period,  this  is  represented  in 
Figure  7 and  also  in  the  following  Table  V.  These  data  are  necessary  to 
any  future  interpretation  of  diurnal  fluctuation  of  snow  temperature  which 
results  from  changes  in  ambient  air  temperatures.  As  shown  in  Table  VI, 
which  lists  temperatures  within  the  1950-51  snow  pack,  corresponding  air 
temperatures  for  most  dates  were  recorded  at  the  exact  time  of  observation 
and  at  a level.no  more  than  two  feet  above  the  snow  surface  existent  at  the 
time. 


TABLE  V.  Variations  in  depth  of  winter  snow  pack  above 
the  1950  fim  surface.  Camp  10B^ 


5 February 

7 February 

8 February 

9 February 

10  February 

11  February 

12  February 

13  February 


1951 

117" 

1951 

118" 

1951 

121" 

1951 

123" 

1951 

123" 

1951 

123" 

1951 

122" 

1951 

12U" 

ll*  February 

15  February 

16  February 

17  February 

18  February 

19  February 
21  February 
25  February 


1951 

127" 

1951 

11*5" 

1951 

153" 

1951 

165" 

1951 

168" 

1951 

I?8» 

1951 

166" 

1951 

l5b" 

•^Approximate  net  values  due  to  irregular  and  variable  effects  of  corrasion, 
drifting  and  settling.  These  values  were  taken  from  only  one  site  near 
Camp  10B.  The  measurements  for  other  sites  even  only  a few  tens  of 
yards  away  sometimes  produced  different  sums;  e.g.,  in  Table  III,  column  8, 
see  differences  in  measured  accumulation  at  pits  A and  B, 
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Table  VI.  Temperatures  within  the  1950-51  Snow  Pack  in  February  1951, Camp  1CB 

(Standai’d  Alcohol  Thermometer  Readings  in  °C.) 

Ambient  Temp.  Record  Horizon  above  1950  Firn  Surface. 32 
Date  Air 


Feb. 

Hour  Temp. 31 

138" 

12la" 

110"  91*"  82"  70"  60"  1*6"  3li" 

1*" 

5 

1630  -18.0 

-17.5  -12.0  -10,2  -9.2  -8.2 

1730  -22.0 

-18,0  -17.5  -12.0  -9.0  -8.2 

i 

1500  -15.2 

-17.8  -13.0  -10.0  -6.5  -8.5  -5.3  -5.1 

8 

1100  -15.0 

1600  -11.0 

-8.0 

2000  -15.0 

-10.5 

9 

1930  -30.3 

-13.5 

2000  -30.3 

-13.3 

10 

1100  -2l*.2 

-16.  h 

1900  -27.2 

-'6.2 

11 

1000  -22,0 

-16.3 

1200  -15.0 

-16.0 

12 

1000  -21a.  3 

-15.8 

1700  -22.0 

-15.2 

1800 

-13.1i  -16.8 

to, 4 

2000 

-21.3  -13.3 

-10.0 

2200 

-19.2  -12.1 

- 9.3 

13 

0800 

-21.5  -13.2 

-10.1* 

1000 

-18.2  -12.3 

-10.2 

1200 

-22.5  -12.3 

-10.1* 

11*00 

-23.1  -12.5 

-10.7 

1600 

-23.1  -12.6 

-10.8 

1800 

-23.0  -12.5 

-10.8 

2000 

-23.0  -12.5 

-10.8 

2200 

-22.0  -13.2 

-12.5 

Ua 

0800 

-21.2  -11.3 

- 9.9 

1000 

-11a.  3 -10.5 

- 8.9 

1200 

-16.1*  -11.1 

- 8.9 

11*00 

-17.2  -13.1 

- 9.9 

1600 

-16.8  -12.2 

-10.5 

1800 

-16.0  -12.0 

-10.2 

2000 

-16.0  -12.0 

-10.1 

2200 

-15.9  -11.9 

-10.0 

20 

1730 

-10.8 

-9.3 

- 6.7  - 0.6  - 9.1  -9.0-  8.5  -8.3  -7.8 

- 7.6 

21 

1030  -21.0 

- 9.7 

-8.1 

- 8.7  - 8.5  - 9.3  -9.1-  8.7  -8.1*  -7.1* 

- 7.2 

1100 

- 9.2 

-8.3 

- 7.8  - 6.1*  - 9.2  -9.1-  9.0  -9.2  -8.7 

- 7.8 

1U00 

- 8.5 

3^For  the  exact  position  where  these  air  temperatures  were  taken,  see  Table  I, 
keeping  in  mind  that  all  readings  were  made  within  two  feet  of  the  snow  sur- 
face at  the  time  of  observation.  Also  for  minimum  daily  temperatures  and 
other  pertinent  meteorological  factors,  refer  to  climatological  records 
listed  in  Appendix  and  those  more  detailed  records  on  file  at  the  Am.Geog,.Soc. 


32liot.e  comparison  of  these  data  from  alcohol  thermometers  with  those  obtained  Dy 
the  use  of  electrical  thermistors  which  were  also  employed  in  the  snow  pack. 
The  thermistor  records  are  discussed  in  the  next  section  of  this  report  and 
are  listed  an  the  Appendix.  y 
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DIAGRAMMATIC  SKETCH  OF  POSITION  OF 

THERMISTOR  UNITS 
AT  CAMP  10  B 

UPPER  TAKU  GLACIER 
JUNEAU  ICE  r-'lELD 
ALASKA 

<p  water  tight  switch  connections  for 
selector  and  wheat  stone  bridge 

• location  cf  thermistor 


\ 


170 


Fig.  5.  Diagrammatic  sketch  of  position  of  thermistor  cables  and  units. 

DEGREES  CENTIGRADE 


Fig.  6.  En  glacial  temperature  variations  at  Camp  I OB. 
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( b ) Englacial  Temperature  Records  from  Thermistor  Cables 

The  U.  S.  Geological  Survey,  through  the  cooperation  of  its 
Baltimore  Geophysical  Laboratory,  pro/ided  this  project  in  the  summer  of 
1950,  with  6 3ets  of  spaced  temperature  recording  theimnistors  to  be  used 
for  obtaining  englacial  temperature  data  in  new  snow,  in  firn  and  in  ice 
at  depth.  Special  advice  concerning  their  use  and  assistance  in  the  inter- 
pretation of  the  resulting  records  have  been  kindly  given  by  Dr.  Joel  H. 
Swartz,  geophysicist  in  charge  of  the  above  mentioned  office  of  the  Geo- 
logical Survey, 


The  cables  uced  are  similar  to  the  type  employed  by  the 
Geological  Survey  in  connection  with  the  permafrost  studies  near  Pt. 

Barrow,  Alaska.  To  our  knowledge,  their  specific  application  to  glacier 
studies  is  one  of  the  first  on  record, 34  The  thermistor  element  consists 
of  an  alloyed  semi-conductor,  characterized  by  a imh  percent  negative 
change  in  electrical  resistance  per  degree  Centigrade  change  in  tempera- 
ture. Measurements  can  be  made  with  an  accuracy  up  to  l/i00th  of  a 
degree  Centigrade  by  means  cf  a specially-designed,  Leeds  and  Northrop 
Wheatstone  bridge  which  registers  the  resistance  of  each  thermistor.  For 
good  results,  proper  calibration  is  important. 

In  this  regard.  Dr.  Swartz  advises  that  "we  have  absolutely 
no  reason  to  believe  that  the  thermistors  suffer  any  decrease  in  accuracy 
with  time.  However,  there  does  appear  to  be  a very  slow  drift  in  cali- 
bration with  time,  'e  are  studying  the  effect  right  now  with  the  aid  of  a 
series  of  calibrators  by  the  Bureau  of  Standards  over  a period  of  one  and 
one-half  years.... The  drifting  is  very  slow  and  apparently  fairly  uniform, 

although  our  data  are  still  insufficient for  any  conclusive  statement.,.. 

The  Taku  Glacier  thermistors  should  normally  not  need  replacement,  but  may, 
after  a year  or  so,  need  recalibration  for  0.01°  accuracy  '■ 

Dr,  Swartz  advises  that  we  may  take  measurements  throughout 
a summer  season  and  recheck  the  calibration  at  the  end  of  the  season.  The 
recalibration  on  such  equipment  could  be  accomplished  first,  by  burying  the 
thermistors  in  a good  ice  bath  at  the  firn  surface  (0®C)  and  checking  the 
zero  value  after  a sufficiently  long  immersion  to  insure  that  thermal 
equilibrium  has  been  attained.  This  ice  bath  could  be  made  of  compressed 
firn  of  uniform  crystal  size.  The  firn  should  be  packed  around  the  ther- 
mistors with  a clean  wooden  paddle  and  made  absolutely  tight.  When  the 
ice  particles  (or  firn)  are  pressed  against  the  thermistors  it  must  create 
a darker  shade  (by  pressure  melting)  to  insure  good  thermal  contact.  All 


■^Black,  R,  F.,  "Permafrost",  Chapter  lii  in  'Applied  Sedimentation*, 
Edited  Try  P«  D.  Trask,  VJilay,  New  York,  1950,  pp.  2^7-75. 


^ The  writer  understands  from  a recent  conference  in  Paris  with  members  of 
Expeditiones  Polaires  Franyaises  that  their  1951  expedition  employed 
thermistors  with  some  success  for  temperature  measurements  at  depth  in 
the  Gxeenland  Ice  Cap. 
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water  should  be  drained  off.  By  using  such  care  adequate  calibration  accu- 
racy should  be  attainable.  Further,  to  insure  accuracy,  readings  should  be 
taken  over  a period  of  time  in  the  ice  bath,  and  final  values  should  be 
accepted  only  after  they  have  reached,  and  held  constant  for  some  tine,  their 
asymptotic  value. 


Also  pertinent  to  the  considerations  of  time  variation  in 
thermistors  is  the  following  information  given  by  M.  C,  Brewer,  geophysicist 
in  the  U.S.G.S.  Baltimore  Laboratory: 

"Regarding  the  possibility  of  thermistor  ‘drift*,  we  have 
several  100-foot  cables  at  Barrow  that  were  installed  approximately  two  years 
ago  and  have  been  read  weekly  since  that  time.  The  readings  were  taken  with 
special  care,  and  we  now  have  wc-r  one  year's  record  that  we  feel  is  completely 
free  of  spurious  errors.  During  that  period  of  time  a very  gradual  change 
in  resistance  of  U to  6 ohms  was  noted.  VTe  are  not  in  position  at  the  present 
time  to  say  whether  this  was  an  actual  temperature  change  or  whether  it  was 
possibly  a drift  in  the  resistance  of  the  thermistors.  VJe  do  feel,  however, 
that  these  thermistors  located  between  70  and  100  feet  in  these  holes  are  in 
one  of  the  best  and  most  reliable  'constant  temperature  baths'  in  existence. 

As  a result  of  this  information,  I do  not  believe  that  anything  can  be  de- 
finitely said  about  'drift'  in  normal  thermistors  at  this  time.  We  do  suspect 
that  it  may  exist,  but  if  it  does  it  is  so  small  as  to  pass  unknown  except  in 
long  and  very  detailed  investigations. "35 

Vi'ith  the  thermistor  units  used  on  the  Taku  Glacier,  a 30- 
contact  selector  switch  permits  any  one  of  30  thermistors  on  individual  wires 
within  the  cables  to  be  cut  in  singly  and  directly.  The  resistance  of  any 
single  thermistor  is  then  compared  ir  the  calibration  table,  and  its  corres- 
ponding temperature  read.  The  following  strings  of  cables  were  provided  for 
the  project.  Further  details  concerning  the  spacing  of  each,  the  lead  res- 
istance, selector  switch  reference,  and  so  forth,  are  given  in  Appendix  I. 

The  location  of  each  cable  system  as  used  is  described  below.  (Note  Figure  5.) 

Cable  No.  11*8  3?  foot  cable;  7/10"  vulcanized  cable,  with 

15/16 » thermistor  units;  19  individual  ther- 
mistors; located  in  the  top  rf  Drill  Hole  No. 2 
implanted  August  1950;  upper  segments  attached 
to  aluminum  marker  tower  at  Camp  10B. 

Furpose:  to  provide  measurements  in  the  winter 
snow  layers  of  1950-51  and  in  the  10  feet  of 
firn  below  the  1950  late  summer  snow  surface. 

Cable  No.  li;9  35  foot  cable,  same  type  as  No.  lU8;  employed 
in  subsequent  season. 


3^ From  personal  communication 


Cable  No . 130 
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£0  foot  cable;  narrow  wire  and  small  units;  9 thermistors 
spaced  five  feet  apart  for  the  first  1;0  feet  and  the  last 
two,  10  feet  apart;  location  in  1950  and  1951  in  narrow 
crevasse  below  tower  B,  Camp  10B  (Figure  5)>  top  three 
thermistors  above  1950  late  summer  firn  level.  The  re- 
maining 30  feet  of  cable  hung  vertically  downv  rd  in  a 
filled-in  crevasse  (most  likely  re-opened  by  subsequent 
movements  in  1951).  Units  were  initially  packed  solidly 
in  this  crevasse  with  shoveled  snow. 

Purpose:  for  englacial  temperature  readings  both  in 

winter  snow  layers  1950-51  and  in  previous  years  of  firn 
ice  to  bU  feet  below  Feb.  21  snow  surface;  also  to  re- 
cord temperature  effects  in  a crevasse  zone. 

Cable  No.  l5l  50  foot  cable,  same  as  No.  150  (narrow  wire  and  small 

units);  used  for  surface  atmospheric  temperature  measure- 
ments and  attached  to  aluminum  reference  tower  (Camp  10B, 
1950-51)  and  thus  up  to  30  feet  above  Feb.  21  snow  sur- 
face. (Sae  Figures  5 and  7.)  Note  discussion  in  Section 
A8  of  this  report. 

Purpose:  to  provide  temperature  readings  in  katabatic 

air  layers  above  glacier  surface  in  following  increments; 
in  snow,  at  surface;  in  air,  at  heights  of  3,  5,  8,  11, 
111- 1/2,  18,  22,  and  30  feet. 

Cable  No.  152  200  foot  thermistor  cable;  18  individual  units  spaced  10 

feet  apart  for  the  first  160  feet  (to  130  feet  below  Feb. 
21  snow  surface)  and  the  la3t  two,  20  feet  apart  (thus  to 
1?0  feet  below  Feb.  21  snow  level);  implanted  Sept.  10, 
1950  in  vertical  position  in  Drill  Hole  No. 3,  Camp  10B 
(Figure  5);  cable  and  units  firmly  pacEftd  in  snow  (held 
in  by  thin  paper  shield)  before  lowering  into  drill  hole. 
This  was  done  to  prevent  circulation  of  air  in  hole 
around  thermistors  at  depth  and  to  form  a tighter  fit  in 
the  drill  hole.  It  is  believed  the  only  possibility  of 
external  influences  obscuring  the  true  readings  could  be 
caused  by  the  2U5  fset  of  2-inch  aluminum  pipe,  which 
was  left  in  Drill  Hole  No.  1 at  a horizontal  distance  of 
six  feet  away.  (The  great  weight  of  the  mechanical  drill 
rig  used  in  boring  precluded  its  being  shifted  any 
farther  from  the  drilling  site  of  these  holes.) 

Purpose : to  provide  englacial  temperature  data  at  depths 

down  to  170  feet  below  the  Feb. 21  snow  level  (or  157 
feet  below  the  1950  firn  surface). 

Cable  No.  153  1|00  foot  cable  (narrow  wire  and  small  units);  18  indi- 
vidual units,  spaced  20  feet  apart  up  to  200  feet  and  25 
feet  apart  between  200  and  l|00  feet;  not  as  yet  installed 
(1951)}  however,  it  is  anticipated  that  this  cable  will 
be  implanted  in  the  glacier  in  a subsequent  season  by  an 
electro-thermic  *'hot  point"  drilling  technique.  It  may 
then  be  read  periodically  by  future  field  parties  to  ob- 
tain comparative  data  on  the  theoretical  calculation  of 
the  pressure  melting  temperature  of  ice  down  to  i|00  feet 
(supposedly  a reduction  of  about  nearly  -0,15C.  at  this 
depth).  It  also  should  provide  further  information  on 
the  seasonal  winter  cold  wave. 
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(c ) Results  from  Thermistor  Data 

Temperature  readings  were  obtained  within  the  upper  Taku  Glacier 
with  the  above  described  equipment  on  a more  or  leas  continuous  schedule  be- 
tween the  9th  and  the  2lith  of  February,  1951.  As  shown  in  Figure  5,  the 
thermistor  cables  employed  in  the  englacial  investigations  were  numbers  lii8, 

150  and  152.  The  tabulated  results  of  these  readings  are  given  in  Appendix  J. 
(The  data  from  Cable  Nc.  151,  which  was  used  in  connection  with  the  micro- 
meteorological  program,  as  has  already  been  mentioned,  are  in  Appendix  G. ) To 
aid  in  the  detailed  analysis  and  interpretation  of  these  records,  the  following 
essential  details  in  regard  to  the  measurements  are  given. 

1.  Notes  on  the  Use  of  Thermistor  Cable  No.  150 


This  cable  was  buried  in  a vertical  position  in  a narrow 
filled-in  crevasse,  about  60  feet  northwest  o..  the  aluminum  reference  tower 
(A  in  Figure  5)  at  Camp  10B.  The  top  two  thermistors  on  this  cable  were  taken 
off  the  18  foot  wooden  tower  (tower  B,  Figure  5)»  which  in  the  previous  Sep- 
tember had  been  erected  above  this  point  and  on  the  late  summer  1950  ablation 
surface.  This  meant  that  the  thermistors  at  tbs  5 foot  (No.  1179)  and  10  foot 
(No.  1180)  levels  at  the  top  of  the  cable  were  left  resting  two  to  four  feet 
beneath  the  late  February  1951  snow  surface.  The  data  from  these  upper  ther- 
mistors, therefore,  should  essentially  reflect  variations  in  surface  atmos- 
pheric temperature.  Thermistor  3 (No.  1181)  rested  5 feet  above  the  1?50  firn 
surface  and  thermistor  U (No.  1162),  20  feet  from  the  top  of  the  cable,  re- 
mained directly  on  the  1950  ablation  (firn)  surface.  This  means  that  30  feet 
of  the  temperature  record  below  this  1950  late  summer  surface  were  recorded  by 
thermistors  5 to  9 (Numbers  1183  to  118?)  (Appendix  J). 

Temperature  records  were  obtained  on  thi3  profile  at  least 
once  a day  on  the  following  days:  on  February  9th,  p.m.;  on  February  lUth, 
p.m. j on  February  18th,  a.m.;  on  February  19th,  early  and  late  p.m.;  on  Feb- 
ruary 20th  a.m.  and  early  and  late  p.m.;  on  February  21st,  a.m.  and  p.m.;  on 
February  2Uth,  p.m.;  and  on  February  25th,  p.m.  There  is  close  agreement  in 
readings  taken  in  the  morning,  afternoon  and  night,  at  and  below  No.  1182, 
which  was  20  feet  from  tne  upper  end  of  the  cable  and  exactly  at  the  1950  firn 
level.  Thus,  the  zone  affected  by  short  term  temoerature  variations  is  limited 
at  approximately  this  depth,  12  to  12;  feet  below  the  February  21  snow  surface 
(Figure  6).  The  resistance  of  thermistors  2 and  3 (Numbers  1180  and  1181)  on 
this  string  varied  enough  to  prove  their  positions  (3  to  8 feet  below  the  Feb- 
ruary 21  snow  level)  were  well  within  the  zone  which  suffered  short  tern  changes 
under  iniluence  of  diurnal  variations  in  surface  air  temperature. 

As  shown  in  Figure  6 temperatures  plotted  from  such  data  in- 
dicate provisionally  that  the  lower  limit  of  seasonal  penetration  of  the  winter 
cold  wave  can  also  be  determined  at  that  point  where  the  temperature  gradient 
(in  ice  at  depth)  approached  0*C.  This  limit  appears  to  lie  at  60  to  65  feet 
below  the  February  21  reference  surface  (see  Figures  5 and  6).  The  record 
from  Cable  No.  150  is  of  special  interest  because  it  was  made  in  a narrow  cre- 
vasse which  at  the  time  of  cable  implanting  was  filled  with  snow  by  several 
days  of  shovelling  and  tamping.  This  was  done  in  order  to  'niniroize  circulation 
of  atmospheric  air  currents  in  the  fissure  which  otherwise  woulu  directly 
affect  the  variation  of  these  englacial  readings.  Thus,  in  effect,  this  cable 
was  sealed  in  a natural  hole  in  the  glacier  which  subsequently  was  further 
covered  by  autumn  and  winter  snowfall. 
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The  significance  of  the  record  iron  Cable  No.  l£0  will  be 
discussed  in  a later  reoort,  but  for  purposes  of  interpretation,  two  factors 
should  be  reiterated:  (i)  that  this  cable  was  implanted  in  a very  narrow- 
crevasse  which  might  have  opened  up  at  depth  beneath  the  winter  snow  cover 
due  to  adjustments  in  the  glacier, 3°  and  (2)  that  this  cable  would  suffer 
no  influence  from  the  proximity  of  any  foreign  material  in  the  ice  (such 
a3  the  aluminum  pipe  near  Cable  No.  152). 

2 . Notes  on  Thermi s tor  Cable  No.  1$ 2 


This  200-foot  length  of  cable,  with  18  individual  ther- 
mistor units,  had  its  top  three  thermistors  located  respectively  3 feet 
7 inches,  2 feet,  and  2 feot  6 inches  below  the  February  21  reference  sur- 
face. Essentially,  as  with  Cable  No.  1J>0,  the  record  from  these  roughly 
horizontal-lying,  upper  thermistors  fully  reflects  variations  in  atmos- 
pheric surface  temperature.  The  lower  157  feet  of  cable  lay  below  the  top 
of  the  1950  fim  surface.  Thus,  the  over-all  record  provides  us  with  data 
on  englacial  temperatures  down  to  at  least  170  feet  below  the  February  21 
surface.  Records  were  obtained  between  the  9 th  and  2l*th  of  February  as 
follows:  on  the  9th,  p.m. $ on  the  llpth,  p.m.;  on  the  15 th,  a.m.;  on  the 

17th,  p.m.j  on  the  19th,  early  end  late  p.m.;  on  the  20th,  a.m.  and  early 
and  late  p.m.j  on  the  21st,  a.m.  and  p.m.;  and  on  the  2l*th,  p.m.  From  the 
tabulated  thermistor  readings  in  Appendix  J can  be  noted  a marked  agreenent 
in  readings  on  all  thermistors  below  Thermistor  5 (No.  1251.  50  feet  from 
the  upper  end  of  the  cable),  which  was  20  feet  below  the  mid-February  snow 
level  and  at  least  7 feet  beneath  the  1950  fim  surface. 

Thermistor  U (No.  121*0,  1*0  feet  below  the  upper  end  of 
the  cable  and  thus  at,  or  just  beneath,  the  level  of  the  wooden  drill  plat- 
form) lay  about  3 feet  above  the  19.50  late  summer  fim  surface.  It  re- 
flected less  change  due  to  surface  variations  of  air  temperature  than  either 
thermistors  2 or  3;  however,  it  did  vary  enough  to  show  that  its  position 
also  was  well  within  the  "active"  zone  affected  by  short  term  atmospheric 
thermal  variations. 


Because  Thermistor  5 continually  showed  the  same  reading 
within  1 or  2 ohms,  both  day  and  night  between  the  9th  and  2l*th  of  February, 
it  was  clearly  in  a much  more  thermally  stable  zone  at  this  time  of  year. 
Its  temperature,  however,  was  still  l*-5  degrees  lower  than  that  found  at 
17  feet  below  the  1950  i'im  level  (Thermistor  6,  No.  x2h2  ).  Since  con- 
secutive readings  at  .1?  feet,  27  feet  and  so  forth  down  to  157  feet  below 
the  1950  surface  were  more  consistently  in  agreement,  it  can  be  stated  that 
the  base  of  the  seasonal  (winter)  chill  zone  at  that  time  rested  somewhere 
between  55  and  65  feet  below  the  February  21  snow  surface.  A diagrammatic 
representation  of  this  winter  cold  zone  and  the  lower  limit  of  diurnal  md 
short  term  temperature  variations  is  given  in  Figure  6.  This  figure  also 
illustrates  in  detail  the  nature  and  extent  of  these  temperature  variations 
at  depth. 


As  suggested  by  the  sudden  englacial  movements  felt  by  the  field  party  at  . 
this  site  in  February. 
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Thus,  the  readings  from  Cable  No.  152  are  primarily  of  value 
in  the  study  of  the  magnitude  and  the  depth  of  penetration  of  the  seasonal  cold 
wave.  The  upper  thermistors  may  have  been  influenced  by  their  proximity  to 
the  metal  of  the  aluminum  twer,  but  this  effect  is  believed  to  be  small. 

3 . Notes  on  Thermistor  Cable  No.  1U8 

The  readings  from  Cable  No.  11*8  are  probably  not  of  as  much 
value  in  the  determination  of  thermal  regimen.  In  addition,  because  of  their 
nearness  to  the  aluminum  tower,  at  least  above  the  1950  firn  level,  the  read-* 
ings  may  be  somewhat  inaccurate.  This  aspect  may  be  partially  clarified  by 
comparison  of  the  records  in  Appeidix  J with  those  obtained  with  alcohol  ther- 
mometers as  given  in  Table  VI  in  Section  B3  (a)  of  this  report.  No  attempt 
is  made  at  this  time  to  evaluate  this  consideration. 

Ho  matter  what  the  detailed  analysis  may  bring  out,  measure- 
ments from  this  string  of  thermistors  will  reflect  to  some  extent  the  depth 
of  influence  of  changing  surface  air  temperatures.  In  addition,  the  results 
from  those  thermistors,  as  in  Cable  No.  152,  which  lie  below  the  1950  surface 
viill  also  be  of  value.  The  top  thirteen  thermistors  of  Cable  1U8  lay  buried 
horizontally  along  the  surface  of  the  3now  on  February  9th.  (They  had  been 
taken  down  from  the  tower  to  facilitate  readings  at  the  lower  levels.)  VTe 
may  assume  that  they  were  2 to  1*  feet  below  the  mid-February  to  February  21 
snow  surface.  This  means  that  15  feet  from  the  upper  end  of  the  cable  and 
along  it  to  35  feet,  the  line  of  thermistors  projected  vertically  dovmward 
into  the  previous  summer's  iced  fim.  This  provided  about  20  feet  of  record- 
able data,  approximately  the  lower  10  feet  of  which  represents  a record  within 
the  1950  firn. 


A closer  accordance  of  readings,  over  the  period  of  obser- 
vation, was  obtained  on  corresponding  thermistors  of  this  cable  from  the 
point  10  feet  below  the  1950  layer  up  to  the  1950  firn  horizon  than  was  the 
case  with  those  thermistors  above  this  level.  Such  agreement  bears  out  the 
diurnal  and  short  period  relationships  shown  in  Figure  6,  the  data  for  which 
were  taken  from  the  readings  of  Cable  No.  152  on  the  9th,  15th  and  21st  of 
February. 


(d)  Significance  of  Englacial  and  Firn  Temperature  Records 

Figure  6 has  been  drawn  from  a preliminary  analysis  of  the 
thermistor  data  described  above.  It  is  possible  that  further  detailed  study 
of  the  temperature  records  for  each  date  of  observation  may  modify  the  few 
conclusions  here  presented.  In  summary,  it  may  now  be  said  that  on  February  21 
the  lower  limit  of  the  seasonal  cold  (winter  chill)  layer  in  the  Taku  Glacier 
at  Camp  10B  had  penetrated  to  at  least  55  feet  and  possibly  more  than  65  feet. 
It  is  also  apparent  i.iat  the  effects  of  diux’nal  changes  in  ambient  surface 
temperatures,  in  response  to  local  and  regional  meteorological  factors  over 
short  periods  of  time,  were  not  significant  much  below  the  horizon  of  the  1950 
firn  surface.  This  was  13-11*  feet  below  the  February  21  snow  surface.  It  may 
be  that  the  basal  ice  band  zone  and  the  great  increase  in  density  at  the  1950 
firn  level  (see  Table  III,  column  5)  served  as  an  effective  temperature  barrier 
to  all  minor  thermal  oscillations  in  the  1950-51  winter  snow  pac:k. 
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1.  Stability  of  Winter  Chill  Zone 

Although  no  attempt  at  final  conclusions  is  made  here.  It 
is  of  preliminary  interest  that  a definite  zone  of  maximum  and  relatively 
stable  winter  chill  (up  through  February)  existed  in  the  Taku  Glacier  at 
this  site  between  the  11*  foot  and  at  least  to  the  55  foot  levels  beneath 
the  snow  surface  of  February  21.  How  stable  this  zone  actually  is  in  terms 
of  normal  conditions  is  not  yet  known.  During  the  period  of  observation, 
however,  from  February  9th  to  21st  there  was  a noteworthy  consistency  in 
record.  The  lowest  temperature  recorded  in  this  zone  (below  the  1950  fim 
surface  to  the  55  foot  level)  was  -9.0°C.(l5.8eF.),  Between  the  9th  and  the 
21st  of  February  at  the  1950  fim  horizon,  the  temperature  had  decreased 
approximately  1°C.,  or  from  -8°C.  to  -9°C.  At  the  50  foot  depth,  it  changed 
only  0.1°Cc,  or  from  -0,l6°C.  to  rO,27*C.  This  suggests  a fair  stability, 
but  at  the  same  time  shows  that  as  of  February  21  the  zone  of  maximum  chill 
was  still  decreasing  in  temperature  from  the  seasonal  effect.  Since  from 
the  meteorological  appendix  to  this  report  it  is  snown  that  in  the  next 
few  weeks  in  March  (after  the  evacuation  of  the  expedition)  regional  tem- 
peratures had  begun  to  warm  up,  it  is  probable  that  this  late  February 
temperature  record  at  depth  approached  the  minimum  for  the  year.  The  ap- 
proximate nature  of  thermal  changes  in  early  June  is  indicated  in  Figure  6 
by  dotted  line.  By  June  16,  1951,  the  sub-freezing  winter  chill  zone  was 
dissipated,  and  the  glacier  had  essentially  reached  thermal  equilibrium  at 
its  pressure-melting  point. 

2.  Short  Term  Temperature  Variations  throughout  the 

1950-5 1 Snow  Pack 


It  is  suggested  by  these  foregoing  data  that  the  whole 
of  the  snow  pack  on  the  1950  firn  surface  at  thi3  location  was  subject  to 
daily  and  weekly  variations  in  response  to  changes  in  ambient  air  tem- 
peratures above  the  glacier’s  surface.  The  detailed  study  of  these 
relationships  must  include  a close  analysis  of  the  contemporaneous  meteoro- 
logical records  obtained  at  the  surface  of  the  glacier  during  the  period 
of  observation,  as  well  as  a check  reference  to  the  temperature  readings 
made  with  standard  thermometers  in  the  winter  snow  pack.  (See  Table  VI, 
Section  3 (a).)  Preliminarily,  it  may  be  mentioned  that  a great  range  of 
fluctuations  in  the  surface  snow  layers  seems  nrobabie.  This  is  sho^Ti  by 
effects  on  the  snow  temperature  gradient  of  representative  negative  surface 
air  temperature  variations  as  plotted  in  Figures  6 and  8. 

1*.  Glacier  Surface  Movement  Records 


(a)  Mid-winter  Surface  Movement  Data  at  Camp  10B 

The  1950  summer  transit  Station  10B  (approximately  3600 
feet  elevation)  a few  feet  west  of  the  surface  position  of  the  aluminum 
pipe  at  Camp  10B  was  reoccupied  on  February  6.  (Its  February  1951  position 
is  designated  Station  10Bi)  A complete  round  of  sights  was  obtained  with 
a mountain  transit  on  loan  from  the  U.  S,  Forest  Service  in  Juneau.  (S^e 
tabulation  below, ) All  readings  taken  from  it  were  obtained  in  degrees 
and  minutes  uo  right  or  left  of  a line  of  sight  to  Station  19  at  Camp  10. 
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These  data  were  supplemented  by  repeated  readings  on  the  20th  and  26th  of 
February.  This  allows  exactly  three  weeks  of  record  (21  days)  for  the  deter- 
mination of  surface  movement  of  the  glacier  at  this  point.  VTe  also  have  a 
comparison  of  the  horizontal  surface  position  of  this  station  with  respect  to 
previously  fixed  bedrock  stations.  The  simmer  coordinates  and  elevation  of 
the  station  (10B)  were  also  established  in  1951.  . Thus,  a comparison  of 
relative  surface  movement,  on  the  Taku  Glacier*  at  this  point  can  be  calculated 
for  corresponding  periods  in  the  summer  and  winter  months  and  for  the  total 


annual  displacement.  The  station  number; 
in  the  Survey  Reports  of  19 1*9  and  1950.  3' 

3 and  names 

listed  are 

those  applied 

From  Station  10B' 

6 Feb. '51 

20  Feb. » 51 

26  Feb. « 51 

To  Station  19  (Camp  10;  3662  ft.) 

At 

u 

0* 

0° 

To  Sta.  Hodgkins  (5912  ft.) 

R.  71° 51* 

R.  72°  11« 

R.  72*15' 

To  Sta.3l  ("Exploration  Peak"? 

L.  35°  1*7' 

L.  35° 33' 

L.  35° 25' 

5907  ft.) 

To  Sta,  23A  ("North  Echo  Peak"; 

L.  89°  1*9 ' 

L.  89° 28' 

L,  89° 20' 

5130  ft. ) 

To  "North  Taku  Tower"  (6805  ft.) 

L.  158°  i*7' 

L. 158° 20' 

L. 158° 15' 

To  Sta.  22  ("Slanting  Peak";  5212  ft.) 

R«  133°  1*7 f 

R. 131° 09' 

R. 131° 18' 

To  Sta.  21  ("Juncture  Peak"jl*379  ft.) 

R.l6l*°l*' 

R.l6i*°33' 

R.l6i*°l2»* 

To  Sta.  2i*  ("Ventage  Peak";  5591  ft.) 

No  reading 

R.  12*" 30' 

R.  11° 51' 

To  Aluminum  Pipe  (Camp  10B) 

Np  reading 

R.  16*30' 

No  reading 

See  Napping  and  Survey  sections  in,  Hiller,  M.M.  "Scientific  Observations  of 
the  Juneau  Ice  Field  Research  Project,  Alaska  191*9  Fie  Id  Season"  Juneau  Ice 
Field  Research  Project  Report  No,  6,  American  Geographical  Society,  Julv 

1952. 
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( b)  Calculation  of  Taku  Neve  Surface  Movement,  September  1950- 
February  1951 

Using  the  angle  between  the  rays  from  Station  10B  (February 
1951)  and  Station  19,  and  from  Station  10B  (February  1951)  and  the 
aluminum  pipe  (see  section  B5  of  this  report),  it  is  possible  to  make  some 
useful  calculations.  One  of  these  is  the  absolute  horizontal  position 
which  Station  10B  occupied  in  February  1951  in  relation  to  its  absolute 
horizontal  position  of  September  1950.  These  two  different  positions  are 
the  result  of  displacement  due  to  the  movement  of  the  glacier  during  this 
five  month  period. ™ From  this  displacement,  the  surface  location  and 
lateral  movement  of  the  top  of  the  nearby  aluminum  pipe  at  Camp  10B  are  known. 
The  following  calculations  have  been  suggested  by  C.R.  Wilson,  who  as  a 
member  of  the  1950  survey  team  helped  to  establish  the  triangulation  net- 
work which  is  here  employed. 


Given:  a ■ 16° 30'  A = 15  Sept.  1950  relative  horizontal 

BC  * AC  a 25  feet  position  of  stake  (10B) 

Distance  C to  St$.  19  s 51*63  icet  B - 20  Feb.  1951  absolute  horizontal 
(by  triangulation)  position  of  stake  (10B) 


fto  IAS's/ 


/o  i" /<? 


/? A /o  /f 


M/F. 


2 5 V/T  c 


3 
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I.  construct  figure  above  by  making  ray  A parallel  to  ray  B and  measur- 
ing the  angle  a. 

II.  since  ray  A is  parallel  to  ray  B then:  b ~ 180  - a and  c 85  180  -b; 
c * 180  - (ISO  - a)j  c = a. 

III.  distance  in  feet  between  two  stakes  d: 

d = 25  sin  c . d = 50  sin  8al5' 

2 2 

d = 50  (.11*35)  d = 7.18  feet 

Analysis  of  significance  of  error  in  this  method  of  finding  d? 


I.  Since  in  reality  ray  A is  not  parallel  to  ray  B,  the  angle  b will 
be:  b = 180  - a - E where  E is  the  angle  between  the  two  stakes  as 
seen  from  Station  19. 


^ Vertical  angles  were  bbtained  in  the  summers  of  1950  and  1951,  from  which 
the  change  in  surface  elevation  of  the  top  of  this  pipe  may  be  calculated 
for  the  intervening  yearf. 


II. 


1.0 

-L|U- 


Given  the  distance  A to  Station  19  as  5488  feet  and  since  d is  about 
7 feet,  the  angle  E can  be  found: 

E = 7 ft.  = .001276  rod  = 1.278  x 10"3  / l8<3j  = 7.3  x 10'2 

5PTTt.  \“y 

E = 4.4  minutes  cf  arc 

III.  Thus,  the  value  of  b is: 

b = 180  - 16*30'  -li.U*  = 163*25.6' 

and  thus  the  val  ae  of  c is: 

179*60' 

-163*25.6' 

’ 16* 34.4’  c s 16*34.4' 

IV.  The  value  of  d is  then: 

d = 50  sin  16*34.4'  = 50  (.144D  = 7.21  feet 
2 

V.  Tims,  the  error  introduced  by  assuming  A parallel  to  B is  7.21  -T.lB'* 
.030  feet,  which  for  purposes  of  this  calculation  is  negligible.  For 
further  calculations  d is  hereafter  referred  to  as  7.2  feet. 


A source  of  probable  minor  error  which  cannot  be  completely  eliminated 
is  the  initial  assumption  that  the  September  and  February  movement 
stakes  were  exactly  equidistant  from  the  pipe.  These  measurements  were 
made  by  means  of  a tape,  but  the  nature  of  field  conditions  and  the 
snow  surface  at  each  of  these  times  was  such  as  to  introduce  possible 
inaccuracies.  In  each  instance,  however,  the  positions  of  the  stakes 
were  quite  close  together  and  lined-up  roughly  along  the  sighting  ray 
(hence  the  low  angle  of  difference)  which  passes  through  the  pipe  and 
Station  19.  For  this  reason  inaccuracies  in  chaining  the  distance 
would  not  introduce  any  greet-  err /rs  into  the  calculations. 

VI.  Changes  in  the  horizontal  position  of  the  top  of  the  aluminum  pipe, 

during  the  winter  period  of  observation  and  subsequent  to  the  previous 
summer,  may  also  be  calculated  by  trigonometric  means.  The  basic 
figures  and  results  of  these  calculations  are  given  below.  Some  of 
the  angle  and  distance  figures  shown  have  been  taken  from  the  triangu- 
lation network  of  the  1949  and  1950  seasons.  The  calculation  of  the 
shift  in  position  of  Station  10B  from  September  15,  1950  to  February  26, 
1S51  gives  a velocity  of  1.86  feet  per  day  over  this  143  day  period. 

The  average  velocity  for  this  5 month  period,  interest-’  ^ly  enough,  is 
quite  close  to  the  summer  rate  of  Movement  Stake  III  (lvd2  feet  per  day) 
on  the  1950  movement  profile  a few  hundred  yards  north  of  this  sits.  It 
is  interesting  that  the  velocity  obtained  for  the  twenty  •••one  days  observed 
in  February  is  somewhat  higher  than  that  lor  a corresponding  period  in 
mi d-summer . 


fhe  following  table  refers  to  the  horizontal  surface  position  of  the  top  of 
the  aluminum  pipe,  Camp  1C  8.: 


Date 

L 

15  Sept. 

<5o 

51*63 

6 Feb  . 

*51 

51*63 

20  Feb  . 

*51 

51*63 

26  Feb  , 

*51 

51*63 

G 


ft.  13*57.0' 
ft.  11*  9.9' 
ft.  10*1*9.7' 
ft.  10cU3.5' 


Distance  mov^d  in 
interval  noted 

2 66  ft.  (265.5* ) 

32  ft.  ( 32.1') 
10  ft.  ( 9.9*) 


Rate  of  mocement 
in  interval  noted 

1,86  ft. /day 

2.3  ft. /day 
1.65  ft./da> 


Average,  Feb.  Period  =2.1  ft. /day 


Given: from  previous  survey 
on  Sept.  15,  1950: 

distance  between  Sta.  19  and  Sta.  21  = 18,126  ft. 
angle  r.  * 160*9* 

(3)  angle  y = 

(1*)  angle  G = 13*57* 

L = 51*88  ft.  - 25  ft.  a.  5U63  f;U  z)-’ 

Sta.  21  to  10B  = 12,870  ft.  * U'  'J°  V 

A / 


/-  ~ 4 4 fa/,  TtrS 
/\/?C 

/ 

^'"•9/  (C'1  o) 


/CO 


7, 


' / P'P7-(/0/O)  / 

/ > 


,y 

X / 


/ 


A?/ 


I.  ' / 
/ 

V 

t 


/ 

A/ 

/y/ 


/ 


L = Line  of  sight  distance 
between  Camp  10 
(Station  19)  and  the 
aluminum  pipe  near 
10B  in  September, 1950. 

9 = *uigle  between  the  line 
of  sight  from  Camp  10 
/ to  "Juncture  Peak" 

/ (Station  21)  and  the 

line  of  sight  between 
/ Camp  10  and  the  10B 

/ pipe . 


Calculations  made  by  standard  trigo- 
nometric method  for  solution  of 
oblique  triangles  with  one  side  and 
at  least  two  angles  known. 


/ 
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5.  Vertical  Velocity  Distribution  Profile  at  Drill  Sits 

As  a continuation  of  the  previous  summer' s englacial  investigations,  con- 
siderable effort  was  put  forth  in  mid-February  to  determine  the  inclination 
of  the  2li5-foot  length  of  two  inch  (inside  diameter)  al.iminum  pipe  which  had 
been  implanted  vertically  into  the  fim  and  ice  at  Camp  10B  in  August  1950."" 
To  effect  a re-3urvey  of  the  alignment  of  this  pipe  under  the  sub-zero 
conditions  encountered  required  much  care.  The  survey  was  successfully  ac- 
complished, however,  and  two  complete  profiles  were  obtained  at  an  interval 
of  six  days.  Thus,  one  served  as  a good  check  on  the  other  and  the  two  to- 
gether provided  a useful  composite  record.  A single-shot  azimuth-inclinometer 
was  employed  at  the  end  of  a 250-foot  wire  cable  which  was  lowered  from  the 
surface  into  the  pipe.  This  instrument  was  loaned  by  the  Eastman  Oil  VJell 
Survey  Company  of  Denver,  Colorado,  which  company  also  very  kindly  has  helped 
in  the  plotting  of  results,  A survey  of  the  deformation  of  the  pipe  was  ob- 
tained at  10  to  20-foot  intervals  by  means  of  a specially  designed  camera 
with  a shutter  feature  pre-set  by  a clock  mechanism  also  contained  within  the 
barrel  of  the  instrument.  The  tabulated  records  are  given  together  in 
Appendices  K and  L for  comparison  with  the  record  of  the  previous  summer's 
survey. 

The  interpretation  of  the  record  from  these  and  subsequent  surveys  is 
currently  in  manuscript  for  another  report  of  this  project.  Thi3  report  pro- 
vides details  of  the  field  techniques  emplcyed,  both  in  the  periodic  surveys 
of  the  pipe  and  in  its  initial  installation.  It  also  discusses  significance 
of  the  deformation,  the  tilt  and  the  relative  displacement  ox  the  pipe  in 
terms  of  those  influences  which  are  causing  the  glacier  to  flow.  As  already 
mentioned,  the  surface  position  of  the  top  of  the  pipe  ha3,  at  successive 
intervals,  been  determined  by  triangulation. 

V.  SUMMARY  OF  PROGRAM  AND  RELATIONSHIP  TO  OTHER  SFASONS  OF  FIELD  WORK 


The  foregoing  note3  and  comments  have  been  presented  with  the  primary 
purpose  of  providing  continuity  and  integration  to  the  appended  meteorological 
and  glaciological  records  and  to  the  other  observations  obtained  during  this 
winter  expedition  to  the  Juneau  Ice  Field.  It  is  regretted  that  more  time 
and  funds  were  not  available  to  allow  at  least  three  members  of  the  project 
to  continue  to  maintain  the  basic  research  program  at  the  central  station 
through  March,  April  and  May  so  as  to  close  the  gap  between  the  January- 
February  neriod  and  that  which  concerned  the  subsequent  field  party  from  late 
May  until  September,  1951*  I+-  is  hoped  that  a longer  period  of  observation 
extending  through  at  least  two  full  and  consecutive  seasons  may  eventually 
be  placed  in  effect.  Ideally  the  research  station  at  Camp  10  ehould  be 
maintained  throughout  an  entire  year  of  the  Taku  Glacier's  regime,  with 
periodic  observations  being  made  at  Camp  10B  and  adjacent  sites. 


^For  a brief  description  of  the  purpose  and  procedures  involved  in  the  in- 
stallation of  this  pipe  see  "Englacial  Investigations  Related  to  Core 
Drilling  on  the  Upper  Taku  Glacier".  Journal  of  Glaciology,  Vol.  1,  No.  10, 
1951,  pp.  5Y8-BO  “ ~~ ' 
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Although  the  information  obtained  on  this  vL  nter  expedition  is 
lacking  in  certain  details,  it  is  possible  to  draw  conclusions  concerning  the 
character  and  relative  budgetary  influence  of  winter  climate  and  of  thermal 
and  structural  changes  in  the  Taku  Glacier  at  this  season.  The  facts  and 
data  presented,  when  fr.lxy  analysed  and  coordinated,  with  similar  records 
from  the  more  temperate  months  at  the  glacier  sites,  will  provide  much  more 
useful  interpretations  than  would  be  possible  by  a review  of  these  data  alone. 

In  any  future  program,  a more  concentrated  and  extensive  time-profile 
record  of  the  highland  snow  pack  should  be  planned.  Such  a study  could  be 
based  on  some  of  the  procedures  and  techniques  employed  here  and  which  have 
been  carried  to  such  a fine  degree  of  precision  at  the  Swiss  Federal  Institute 
for  Snow  and  Avalanche  Research  on  the  V'eissfluhjoch  at  Davos,  Switzerland. 

For  these  lines  of  field  research  the  winter  season  on  the  Juneau  Ice  Field 
is  well  suited. 


VI 
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APPENDIX  C 


DURATION  OF  SUNSHINE  RECORDS 


U,  S,  Weather  Bureau,  Juneau  (Airport)  Station,  Alaska 
(Records  obtained  with  Standard  W.  B.  Mercury  Sunshine  Recorders) 

Actual  Duration* 

Possible'**  X9H9  19^0  19?I  Possible** 

Date  August  August  August  August  January 


1 

990 

8:36 

0:00 

0:10 

390 

2 

086 

0:00 

0:19 

li37 

393 

3 

930 

2:21 

0:00 

2:16 

391* 

k 

976 

kt09 

0:00 

0:28 

397 

5 

972 

0:00 

6:35 

0:1*3 

398 

6 

967 

0:00 

12:58 

0:00 

liOl 

7 

963 

0:00 

5 :hh 

0:00 

I1O3 

8 

958 

0:00 

7:17 

0:39 

I1O6 

9 

951 

0:23 

11:1*3 

12:57 

U08 

10 

9U8 

10:60 

11:30 

I5:li8 

llll 

11 

9Ux 

15:U1i 

8:52 

15:U1| 

I1H1 

12 

938 

0:00 

5:18 

12:18 

I1I8 

13 

93U 

0:00 

2:2ii 

lit  03 

Ii21 

1U 

929 

0:17 

12:08 

0:05 

l*2l* 

15 

925 

0:00 

15:25 

0:53 

1|27 

16 

919 

0:Ui 

15:19 

0:00 

1*30 

17 

91ii 

0:00 

Hi -.35 

0:00 

1*31* 

18 

910 

5:27 

15:10 

0 :1|1| 

1*37 

19 

905 

15:05 

U :12 

0:13 

Ui2 

20 

900 

15:00 

12:08 

0:00 

U16 

21 

896 

llltUU 

lli:52 

2 :1|5 

1i5o 

22 

890 

lii : 32 

Hi:  20 

0:00 

155 

23 

88^ 

10:32 

0:25 

0:00 

Ii58 

2ii 

881 

111 : Ul 

3:06 

0:00 

I162 

25 

876 

111 : 36 

0:00 

0:00 

I166 

26 

871 

12:  Oli 

0:00 

6:  OU 

1*71 

27 

866 

Hi  s 23 

0:00 

7:52 

1|75 

28 

860 

111:  20 

0:00 

10:11 

1|79 

29 

855 

lii:12 

0:00 

9:1|8 

1i81i 

30 

851 

12:36 

U :1|1 

7:07 

1*88 

31 

8I16 

0:00 

9:37 

8:03 

Ii92 

Sums 

281*89 

2Ui:29 

U08:38 

120 :18 

131*71* 

Percentage  of  sunshine : 

U5 

lill 

25 

^Actual  hours  that  the  sun  did  shine,  recorded  in  hours  and  minutes* 
hours  of  possible  sunshine,  recorded  in  minutes* 


APPENDIX  D 


MONTHLY  TEMPERATURE  AND  PRECIPITATION  RECORD 
Station:  Juneau,  Alaska 

Standard  of  time  in  use:  120th  Meridian  Time  of  Observation:  0720  PST 


January  February  March 


Date 

Temp . F7 

3cio . 

Temp. 

Precip . 

Temp . Precip . 

•7 

fjr-O 

PF7 

(in.  7 

7? 

T 
» ) 

Max. 

?!in . 

Max. 

Min. 

Max: 

Min. 

1 

38 

3k 

•2h 

28 

23 

T 

33 

2l*- 

.08 

2 

35 

25 

.01 

36 

22 

.0 

33 

28 

.05 

3 

31* 

2i* 

■ .0 

31* 

17 

.0 

30 

17 

.18 

U 

25 

18 

.0 

18 

12 

.0 

19 

0 

T 

5 

2i* 

18 

T 

13 

11 

T 

5 

-1 

.01 

6 

36 

23 

• 57 

17 

11 

.0 

12 

2 

.0 

7 

1*2 

36 

• 99 

21 

11 

.0 

18 

13 

.0 

8 

m 

3 1* 

.18 

20 

16 

.1U 

18 

13 

.0 

9 

38 

32 

1.02 

22 

13 

T 

19 

13 

.0 

10 

35 

30 

.13 

23 

10 

.0 

20 

13 

.0 

11 

32 

30 

.oU 

21* 

10 

.0 

18 

12 

T 

12 

35 

30 

.08 

23 

11 

.0 

30 

16 

.33 

13 

36 

28 

.28 

27 

15 

T 

35 

25 

.31 

ll* 

29 

2i* 

.26 

30 

25 

.18 

33 

26 

.10 

15 

31 

21 

.01 

33 

28 

.52 

3l* 

27 

T 

16 

22 

13 

T 

39 

32 

1.29 

36 

15 

T 

17 

16 

9 

.0 

38 

32 

.78 

31* 

20 

.26 

18 

17 

9 

.01 

38 

32 

.03 

Uo 

30 

1.01 

19 

17 

11 

T 

36 

32 

.98 

Ui 

37 

1.31 

20 

18 

11 

T 

38 

30 

.oU 

1*0 

35 

.38 

21 

25 

20 

.02 

37 

29 

T 

la 

30 

.55 

22 

21 

ll* 

.02 

36 

31 

.12 

35 

27 

.08 

23 

17 

11 

.06 

37 

33 

.51 

36 

28 

.20 

21* 

12 

9 

.02 

37 

32 

T 

39 

30 

.1*5 

25 

11 

7 

.01 

37 

23 

.0 

39 

32 

.63 

26 

lU 

8 

.0 

28 

18 

.0 

hO 

3U 

«U8 

27 

19 

11 

.0 

29 

18 

T 

38 

3U 

.21* 

28 

2i* 

10 

.0 

32 

26 

.16 

39 

35 

.10 

29 

19 

10 

.0 

— 

— 

— 

38 

29 

.21* 

30 

25 

12 

T 

— 

-- 

— 

1*5 

30 

.02 

31 

J9_ 

19 

T 

-- 

— 

— 

1*2 

35 

.03 

Sum 

817 

592 

3.95 

831 

603 

U.75 

980 

709 

7.1*0 

Mean 

26.  U 

19.1 

29.7 

21.5 

31.6 

22.8 

Extreme 

1*2 

7 

1.02 

39 

10 

1.29 

1*5 

-1 

1.31 

Monthly 

Meant 

22.8 

25.6 

27 

.2 

Normal: 

27.8 

7.16 

30.1 

5.53 

.8 

5.51 

Actual  Duration*  Actual  Duration* 


191*9 

January 

1950 

January 

1951 

January 

Possible** 

February 

191*9 

February 

1950 

February 

1951 

February 

0:51* 

3:0l* 

0:00 

1*97 

0:00 

0:00 

8:17 

0:00 

0:00 

3:53 

501 

8:20 

2:01* 

8:21 

0:00 

5:1*1 

6:31* 

506 

7:1*6 

0:00 

8:26 

0:00 

0:00 

0:15 

510 

5:60 

2.13 

1*:35 

0:00 

0:55 

0:00 

516 

0:15 

1*:13 

8:36 

1:50 

1*:  1*8 

0:00 

520 

8:39 

2:1*5 

8:1*0 

1:1*3 

3:1*8 

0:00 

525 

0:00 

3:11* 

0:00 

0:00 

6:1*6 

0:00 

529 

5:32 

1:53 

1**29 

0:00 

1*:  30 

0:00 

533 

0:00 

3:1*8 

8:53 

0:00 

6:21 

0:00 

539 

7:28 

0:00 

8:59 

0:00 

6:25 

3:o 

51*3 

8:70 

U:  08 

9:03 

0:00 

6:58 

0:00 

5U9 

0:00 

0:1*3 

3:16 

0:00 

5:1*8 

0:00 

553 

0:13 

2:52 

0:00 

0:00 

7:01* 

0:00 

559 

6:56 

0:21 

0:00 

0:00 

5:38 

0:28 

561* 

0:00 

3:27 

0:00 

0:00 

7:10 

7:10 

569 

6:19 

1:53 

0:00 

0:00 

0:00 

2:09 

571* 

8:1*9 

U *53 

1:35 

1:1*2 

6.07 

0:00 

580 

9:39 

0:30 

0:00 

1:29 

7:7? 

2:12 

581* 

9:1*3 

3:23 

1:00 

0:00 

o:Ul 

0:00 

589 

9:1*8 

3:1*3 

6:09 

7:29 

5:1*0 

1*:36 

591* 

2:36 

3:00 

1*:02 

7:31* 

?t35 

0:00 

599 

3:1*6 

0:00 

0:00 

0:00 

7:38 

0:00 

60l* 

0:00 

2:37 

0:1*0 

:00 

5:1*9 

0:00 

609 

1:20 

2:11* 

3:1*6 

0:00 

7:1*6 

3:17 

6ll* 

0:00 

0:1*2 

3:18 

0:00 

7:51 

7:51 

619 

0:00 

2:38 

0:00 

1*:28 

7:55 

7:55 

621* 

0:00 

l*:l*7 

0:00 

0:00 

7:59 

7:19 

629 

0:26 

0:00 

6:16 

0:00 

8:0l* 

l*:13 

629 

----- 

— 

---- 

0:33 

6:00 

0-00 

— - 

---- 

— 

.... 

7:21 

0:00 

0:00 

— 

— 

— 

— 

50:3 

167:16 

61:17 

170:25 

52:06 

108:22 

22 

71* 

27 

1*2 

23 

1*1 

APPENDIX  E 


MONTHLY  TEMPERATURE  AND  PRECIPITATION  RECORD 


Station:  Annex  Creek,  Alaska 


Standard  of  time  in  use 

: 120th 

Meridian 

Time  of  Observation: 

0720  PST 

January 

February 

March 

Date 

Ter 

n 

up  • Precip  • 

£y  "tthtt 

Temp. 

p-pry 

Precip . 

“tSt y 

Temp  • 

Precip . 

“TTST] 

Max. 

Min*. 

Max. 

Min. 

Max.  Min. 

1 

a2 
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29 

10 
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32 

2k 
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2 

ao 

3a 
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31 

20 

.0 

32 

2h 
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3 

39 

33 
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25 

10 

.0 

30 

20 

T 

h 

35 

3 

.18 

17 

6 

.0 

2h 

-2 

.0 

5 

ia 

a 

T 

12 

6 

.0 

8 

0 

.0 

6 

29 

.8 

.10 

13 

0 

.0 

22 

5 

.0 

7 

28 

10 

.30 

20 

11 

T 

18 

12 

.0 

8 

ao 

15 

1.20 

21 

12 

El  .09 

22 

13 

.0 

9 

32 

26 

.12 

2a 

8 

.0 

21 

ia 

.0 

10 

29 

26 

T 

16 

2 

.0 

23 

16 

.0 

11 

38 

28 

.30 

11 

-2 

.0 

21 

13 

.30 

12 

38 

3a 

.20 

12 

-2 

.0 

28 

18 

.09 

13 

36 

3a 

T 

2a 

7 

.0 

3a 

25 

.08 

Hi 

36 

30 

.16 

31 

16 

.18 

32 

26 

.0 

15 

30 

26 

.20 

38 

28 

.80 

36 

ia 

.ao 

16 

31 

22 

T 

a2 

32 

.20 

30 

13 

.U8 

17 

26 

5 

T 

38 

32 

.10 

28 

2a 

.60 

18 

16 

a 

T 

37 

30 

T 

36 

22 

.80 

19 

10 

8 

.10 

36 

30 

.0 

28 

28 

.15 

20 

12 

0 

.0 

37 

28 

.30 

ai 

32 

.10 

21 

10 

a 

T 

38 

3a 

.29 

38 

29 

.30 

22 

10 

6 

T 

ao 

30 

i.oa 

3a 

29 

.60 

23 

10 

8 

.0 

38 

30 

.ao 

a2 

20 

i.ao 

2U 

10 

6 

T 

35 

20 

.0 

3a 

32 

.80 

25 

16 

7 

.0 

27 

ia 

.18 

a2 

33 

.20 

26 

1a 

6 

.0 

2a 

16 

.20 

ai 

3a 

.30 

2? 

8 

a 

.0 

29 

19 

E.18 

ai 

33 

.18 

28 

8 

-3 

T 

32 

19 

.80 

38 

32 

T 

29 

6 

-6 

.0 

— 

- - 

--- 

U3 

31 

.0 

30 

12 

1 

.0 

— 

— 

— 

aa 

3a 

T 

31 

15 

8 

.08 

— 

— 

— 

a9 

33 

.10 

Sum 

720 

U32 

5.26 

777 

a66 

e5*76 

992 

682 

8.28 

Mean 

23.2 

13.9 

27.8 

16.6 

32.0 

21.7 

Extreme  k2 

-6 

1.32 

a2 

-2 

El.  09 

aa 

-2 

i.ao 

Monthly  Mean: 

18.6 

22.2 

26.9 

Departure 
from  Normal: 

-5.1 

-3.77 

-3.7 

-1.38 

-5. a 

1.96 

Total 

Snowfall 

3.50 

72.5 

117.0 

APPENDIX  F (1) 


TEMPERATURES  AND  PRECIPITATION  RECORDED  AT  BIG  BULL  MIRE,  TULSEOUAH,  B.C. 


TEMPERATURES 


MEAN 

MEAN 

MEAN 

MAXIMUM  MINIMUM 

MEAN 

RANGE 

November 

19U9 

39.7  6 

32.0  0 

35-85° 

7.7 

December 

19b9 

20.1  6 

9.2  0 

ill* 7 0 

10.9 

January 

1950 

12.5  ° 

-3.3  • 

U.6  ° 

15.8 

February 

1950 

23.8  ° 

9.9  6 

16.9  * 

13.9 

March 

1950 

U6.7  ° 

2U.0  0 

35* U ° 

22.7 

April 

1950 

52.6  ° 

31.6  ° 

U2.1  ° 

21.0 

May 

1950 

61.8  6 

39-5  ° 

50,7  ° 

22.3 

June 

1950 

7Ue9  6 

1*6.7  6 

60.8  ° 

28.2 

July 

1950 

68.9  ° 

1*7.6  6 

58.25° 

21.3 

August 

1950 

70.U50 

1*5.38° 

57.92° 

25-C*' 

3? o bomber 

1950 

58.8  ° 

1*2.2  ° 

50.5  ° 

16.6 

O'  bar 

1950 

h6.5  ° 

31.1  0 

38.8  ° 

15. U 

!"  ' nicer 

1950 

19.3  ° 

8.78* 

U*.0l*° 

10.52 

1-.  member 

1950 

25.2  ° 

18.0  ° 

21.6  ° 

7.2 

January 

1951 

13.U2° 

5.32° 

9.37° 

8.10 

February 

1951 

2U.78° 

10.86° 

17-82° 

13.92 

March 

1951 

35.9  ° 

15.5  ° 

25-7  ° 

20.  h 

Mean  Maximum 

Average  for  month 

of  daily  maximum  readings 

Mean  Minimum 

Averag 

,o  for 

month 

of  daily  minimum 

readings 

Mean 

Averr.f 

e for 

month 

Mean  Range 

Range 

betwa 

--.n  mean 

maximum  and  mean 

minimum  readings 

Rain 

Measured  to 

neareo 

t hundredth 

Snow 

Precipitation  - l/lO  of  snowfall  in 

inches 

PRECIPITATION 


HIGHEST 

LOWEST 

TEMPERATURE 

TEMPERATURE 

RAIN 

SNOW 

TOTAL 

56°  on  11th 

2U*  on  30th 

36°  on  13th 

-19°  on  30th 

— — 

— 

U3*  on  2?th 

-23*  on  1st 

_ _ 

(estimated) 

.5 

U8“  on  28th 

- 3*  on  9th 

-- 

— 

tt 

1.8 

58°  on  27th 

6*  on  13th 

— 

— 

ft 

2.U 

65°  on  2nd 

25°  on  22nd 

.06 

-- 

I! 

.06 

79°  on  7th 

32*  on  16th 

.63 

— 

II 

.63 

85°  on  19th 

35*  on  Uth 

.88 

— 

II 

.08 

85°  on  22nd 

38*  on  8th 

2.83 

— 

II 

2.83 

86.5°  on  9th 

36“  on  16th 

U.1U 

- - 

II 

U.lU 

69*  on  13th 

3U°  on  28th 

5-76 

— 

II 

5.76 

56.5°  on  Uth 

11“  on  31st 

1.73 

1.03 

tl 

2.76 

50 0 on  6th 

-U°  on  22nd 

.06 

.69 

II 

.72 

36°  on  10th 

-1°  on  Uth 

U.7C 

II 

U.70 

ms 

36°  on  1st 

-15°  on  28th 

5.71 

II 

5.71 

U7°  on  23rd 

-15 0 on  6th 

,21 

2 -U9 

II 

2.70 

60°  on  29th 

- 5°  on  5th 

.-01 

U.02 

II 

U.63 

APPENDIX  F (2) 


BRIEF  SUMMARY  OF  WEATHER  AT  BIG  BULL  MINE,  TUL5EQUAH , B.  C. 

MONTHLY  PERIOD 


November,  19U9: 

No  record  of  precipitation  for  this  month,  but  there  was 
continued  cloudiness  throughout  the  second  and  third  week 
with  light  rain  showers. 

December,  19U9? 

Light  rain  and  snow  flurries  during  first  week  with  clear 
weather  until  middle  of  third  week  when  there  was  a heavy 
snowfall  with  much  cloudiness.  The  weather  cleared  again 
during  the  last  part  of  the  month. 

January,  19^0: 

With  the  exception  of  a few  days  during  the  third  week,  the 
weather  remained  clear  during  the  whole  month. 

February,  1950: 

Persistent  cloudiness  with  snowfalls  throughout  the  month 
except  for  the  last  four  or  five  days. 

March,  19$0: 

The  first  few  days  were  cloudy,  but  the  rest  of  the  month 
remained  clear.  A little  high  cloudiness  developed  during 
the  last  week. 

April,  1950: 

First  two  weeks  of  period  cloudy,  but  very  little  precipitation. 
Last  two  weeks  clear  weather  with  last  few  days  with  high 
cloudiness. 


May,  1950; 


Cloudiness  persisted  throughout  the  first  week  giving  way  to 
a period  of  clear  weather.  During  latter  part  of  month 
cloudiness  again  developed. 

June , 1950: 

Perfectly  clear  vsather  for  the  first  three  weeks  of  the  period, 
changing  to  scattered  cloudiness  and  occasional  showers  during 
last  week. 


July,  1950; 

Continued  cloudiness  throughout  the  month  with  rainfall 
of  slightly  less  than  three  inches. 

August,  19h0i 

High  cloudiness  during  first  part,  turned  to  low  cloudiness 
with  rain  during  second  week.  The  third  week  was  clear. 

Last  part  of  period  weather  poor  with  heavy  rains. 

September,  19$0t 

Heavy  rains  continued  throughout  first  part  of  month,  clearing 
up  for  a brief  period  and  then  continuing  throughout  the 
last  half  of  the  month. 

October,  1950: 

Cloudiness  persisted  throughout  the  month  with  little  precipi- 
tation in  the  form  of  both  rain  and  snow. 

November,  1950: 

Mostly  cloudy  during  the  whole  month,  but  with  very  little 
precipitation. 

December,  1950: 

Scattered  cloudiness  with  snow  flurries  with  the  exception  of 
three  days  heavy  snowfall  on  December  Lth,  5th,  and  6th. 

January,  1951: 

During  the  first  part  of  the  period  there  was  much  cloudiness 
with  heavy  snowfalls.  The  middle  of  the  month  was  clear,  but 
clouded  up  again  at  the  end  of  the  month. 

February,  1951: 

Clear  weather  Wxth  strong  north  winds  during  the  first  two 
weeks  of  the  period,  turning  cloudy  during  latter  half  of 
the  period. 

March,  1951: 

First  two  weeks  of  period  weather  was  clear  and  cold.  Weather 
warmed  up  and  there  was  much  cloudiness  with  a few  heavy  snow- 
falls during  last  week  of  month.. 


APPENDIX  H 


Early  February  Density  Values  (UOO  cc. 

volume).  Pit  A,  7 Feb.  1981 

Reference  Level  (in.) 

Density  (Av.  2-6  cores) 

118 

112 

.203 

106 

.327* 

100 

.301 

9U 

.382 

88 

•373 

82 

.376* 

76 

.388 

70 

•370 

Ox 

.398 

88 

.U08 

5? 

.la  7 

U6 

•U78* 

UO 

.876 

3U 

•398 

28 

.860* 

22 

.362 

16 

.322 

10 

•UjU 

U 

.101 

0 Fim  Surface  1980 

>U73* 

-3 

.62U 

■ft 

Values  are  considered  to  be  questionable  either  due  to  the  fact  that  only 
two  samples  were  obtained  or  that  the  layer  characteristics  were  such  as 
to  make  accurate  sampling  at  these  horizons  difficult.  For  this  reason, 
most  of  these  values  were  not  plotted  in  Fig.  k> 


Pit  A . 10  February  1951* 


Reference  Level  (in.' 


Hole  No. 


123 

112 

108 

10U 

100 

96 

92 

88 

81* 

80 

76 

72 

60 

63 

58 

5b 

5o 

b6 

1*2 

38 

31* 

30 

26 

22 

18 

11* 

10 

9 

7 

5 1950 


1 

2 

3 

b 

5 

6 

7 

8 
9 

10 

11 

12 

13 

lb 

15 

16 

17 

18 

19 

20 
21 
22 
23 
21* 

25 

26 
26 

27 

28 


Penalty 


S/urrole  1 

Sample  2 

Average 

.225 

.226 

.226 

.287 

.293 

.290 

.320 

.313 

.316 

.292 

.293 

.293 

•33b 

.327 

.331 

.320 

.318 

.319 

.368 

.358 

.363 

.31*1 

.337 

.339 

.376 

«37b 

.375 

.361 

•353 

.357 

.359 

•36b 

.3  a 

.373 

.378 

•375 

.382 

.387 

.305 

.1*08 

• b07 

•b08 

.1*16 

•bll 

•bib 

.1*32 

•b35 

•l*3b 

-532 

.527 

.530 

•51*9 

.529 

•5b9 

.511 

.506 

.509 

.1*15 

•bl5 

.bi5 

• 1*71 

-b5: 

.b62 

•l*2b 

•b23 

•b2b 

•1*67 

•b?2 

.b70 

•bb9 

•b52 

.b5l 

•b8l 

•b77 

•b79 

•U9b 

•b89 

•b92 

• 1*91* 

.b56 

.b75 

..38b 

• b3b 

.399 

•b3b 

•b28 

.b31 

•U58 

•b72 

•b65 

APPENDIX  H.  (Continued) 


II*  Late  February  Density  and  Hardness  Values,  Pit  A. 


Reference  Level  Sampling  Density  (19  Feb.)  Hardness  (21  Feb.) 
Above  Il95>0  Firn  (in  ) Levels4*'  ~(Av.  2-6  coresT~  (10-1$  samples)  (gm/cm^) 


i$o 

surface 

- — - 

surface 

1U9 

h 

1U8 

15 

1U7 

22 

11*6 

new  snow 

— -- 

ao 

iu5 

53 

iaa 

22 

1U3 

25 

11*2 

n n 

.08$ 

30 

lbl 

30 

mo 

18-31 

139 

22-32 

138 

n i» 

.139 

22-38 

136 

32 

13  u 

11  11 

.150 

28-50 

132 

85-95 

130 

ii  it 

.1U2 

85-200 

128 

175 

126 

i»  11 

•2lU 

125-225 

12U 

2CO-350 

122 

11  .t 

.211 

200-aoo 

120 

225-aoo 

110 

11  11 

.238 

2?5-a?5 

116 

200-a75 

na 

11  ;* 

.231 

275-975 

no 

.269 

aoo-900 

106 

— 

.299 

U00-9OO 

10a 

0pp.  Wand  1 

.306 

102 

Opp.  D.H.  2 

.3U8 

500-1000 

98 

Opp.  D.H.  3 

.365 

600-950 

9U 

Opp.  D.H.  U 

.356 

(cont,  next  page) 


*1  cation  of  these  density  levels  is  in  referenoe  to  density  holes  noted  in 
February  10  profile.  Also  see  s ti a fcd graphic  Table,  Section  2 (c)  of  this 
report 


'<>,!Schwimm  Sebijee"  of  Septembor  1950  (depth  hoar  stratum) 


vflStf  / IJ  m 


Reference  Level 
Above  1950  Firn  (in.) 

Sampling  Density  (19  Fob.) 

Levels  (Av.  2-6  cores) 

Hardness  (21  Feb.) 
(10- 15  samples)  (pm/cm? ) 

500-1000 

92 

90 

0pp.  DH  5 

.378 

850-1200 

86 

1"  Bel.  DH  6 

.366 

900-1300 

82 

1"  Bel.  DH  7,  V 3 

.355 

900-2500 

78 

l£»  Bel.  DH  8 

.385 

2000-6000 

7U 

2"  Bel.  DH  9 

.105 

3000-6000 

70 

2"  Bel.  DH  10 

.377 

2800-3600 

66 

2"  Bel.  DH  11 

.382 

65oo-55oo 

62 

2^"  Bel.  DH  12 
l!»  Bel.  DH  13,  V?6 

.ti2U 

6800-5800 

58 

.398 

3800-5200 

56 

1"  Bel.  DH  16 

.609 

7500-8500 

50 

1"  Bel.  DH  15 

.633 

5000-7500 

66 

Opp . DH  l6 

.633 

3000-6600 

66 

— 

Diff.  to  determine 

62 

l|"  Bel.  DH  17 

.511 

Too  hard  (60-62") 

38 

l"Bel.  DH  18 

.557 



36 

— 

— 

6000-9000 

36 

1"  Bel.  DH  19 

.655 

30 

2"  Bel.  DH  20,  W5 

.616 

5000-8500 

28 

3"  Bel.  DH  20 

.657 

26 

Bel.  DH  21 

.657 

26 

— 

— 

5000-6500 

22 

Opp.  DH  22 

.673 

18 

Opp.  DH  23 

.663 

3500-6000 

1 6 

Opp.  DH  26 

.658 

.......... 

12 

— 

— 

6800-7600 

10 

Opp.  DH  25 

.679 

6 

Opp.  DH  26 

.618 

3000-5500* 

2 

Opp.  DH  27 

.397 

0 

On  1950  firn 
surface  wand  6 

.661 

6000  (depth 
hoar,  Sept.’ 50) 

: f 


^"Schwimm  Schnee"  of  September  1950 


H 


APPENDIX  I 

Thermistor  Characteristics 


Thermistor  Cables  No.  11*8  and  No.  Ik9 


Selector  Switch 
Position 

Lead 

Resistance* 

Thermistor  Numbers 
Cable  lk8**  Cable  lk9*** 

Depth  Eelow 
Zero  (ft.) 

1 

0.870 

1098 

1117 

0 

2 

0.875 

1099 

1119 

1 

3 

0.881 

1100 

1120 

2 

k 

0.880 

1101 

1121 

3 

5 

0.876 

1102 

1122 

U 

6 

0.883 

1103 

1123 

5 

7 

0.868 

110U 

112k 

6 

8 

0.880 

1105 

1125 

7 

c 

0.868 

1106 

1126 

8 

lb 

0,032 

1255 

1127 

9 

ii 

C,  870 

1108 

1128 

10 

12 

0-859 

1109 

1129 

12.5 

13 

0.875 

1110 

1130 

15 

lk 

0.876 

1111 

1131 

17.5 

15 

0.876 

1112 

1132 

20 

16 

0.886 

1113 

1133 

22.5 

17 

0.870 

111k 

113k 

25 

18 

0 .372 

1115 

1135 

30 

19 

0,665 

1116 

1136 

35 

Thermistor  Cable  No.  150  (formerly  inserted  in  crevasse  at  10B  in  1950-51 
period.  Apparently  an  extra  thermistor  at  the  present  time.)  Total 
length  of  cable,  50  feet. 


Selector  Switch 

Lead 

Thermistor 

Depth  Below 

Position 

Resistance* 

Number 

Zero  (ft. ) 

5 

1 

3.690 

1179 

2 

3.60k 

1180 

10 

3 

3.590 

1181 

15 

k 

3.619 

1182 

20 

5 

3.665 

1183 

25 

6 

3.539 

118  k 

30 

7 

3.637 

1185 

35 

8 

3.617 

1186 

ko 

9 

3.588 

118? 

50 

-a-Resisuance  of  each 
temperature 

circuit  minus  thermistor  distance  in  OHhS  at  room 

**Inserted  below  drill  platform  at  Camp  10B 
length  of  cable,  35  feet. 

to  depth  of  12 

feet,  total 

***Total  length  of  cable,  35  feet 


Thermistor  Cable  No.  151  (extra  cable)  total  length  of  cable,  50  feet. 


Selector  Switch 

Pos.  Lead  Resist.* 

Thermistor  No. 

Depth  Below  Zero  (ft.) 

1 

3.651 

1189 

5 

2 

3.581 

1190 

10 

3 

3.587 

1191 

15 

a 

3.602 

1192 

20 

5 

3.660 

1193 

25 

6 

3.525 

119a 

30 

7 

3.610 

1195 

35 

8 

3.61*0 

1196 

ao 

9 

3.628 

119? 

>70 

50 

Thermistor  Cable 

i No.  152  (inserted  in 

ice  169  feet)  length  of  cable,  200  feet. 

Selector  switch 

Pos.  Lead  Resist.* 

Thermistor  No. 

Depth  Below  Zero  (ft.) 

1 

"T32T" 

1237 

10 

2 

a. 526 

1238 

20 

3 

a.  56a 

1239 

30 

a 

a.  566 

12U0 

ao 

5 

a. 695 

12U1 

50 

6 

a.6ia 

12h2 

60 

7 

a.  558 

12U3 

70 

8 

a. 701 

12hh 

80 

9 

a. 72a 

1215 

90 

10 

a. 512 

12a6 

100 

11 

a. 529 

12a7 

110 

12 

a.a75 

12a8 

120 

13 

a.6aa 

i2a9 

130 

1U 

a.  613 

1250 

iao 

15 

a.536 

T251 

150 

16 

a.  559 

1252 

160 

17 

a.687 

1253 

180 

18 

a. 670 

125a 

200 

Test 

a.  600 

— 

— 

Thermistor  Cable  No.  153  total  length 

of  cable,  a00  feet. 

Selector  Switch 

Pos.  Lead  Resist.* 

Thermistor  No. 

Depth  Below  7.ero  (ft.) 

1 

8.928 

1173 

20 

2 

8.835 

117  a 

ao 

3 

8.923 

1175 

60 

h 

8.921 

1176 

80 

5 

9.17a 

117? 

100 

6 

9.027 

1178 

120 

7 

8.903 

122a 

iao 

8 

9.183 

1225 

160 

9 

9.213 

1226 

180 

10 

s.aoa 

1228 

200 

11 

8.833 

1229 

225 

12 

8.722 

1230 

?50 

11 

9.086 

1231 

275 

lu 

9.058 

1232 

300 

15 

8.9ai 

1233 

325 

16 

8.910 

123a 

350 

17 

9.155 

1235 

375 

18 

9.102 

1236 

aoo 

Test 

9.002 

. — 

— 

APPENDIX  K 


Record  of  Aluminum  Pipe  Survey  with  Eastman  Single  Shot  Survey  Instrument 
Camp  10B,  upper  Taku  Glacier,  August  22,  1950 


Measured 

Depth’’'' 

Drift 

Ar>gle 

True 

Vertical 

Depth 

Drift 

Direction 

Course 

Deviation 

Rectangular 

Coordinates 

S W 

1 

U2 

0°10' 

Same  as 

S 

55*  w 

0 08 

05 

07 

2 

62 

0o35' 

Measured 

S 

69*  W 

0 20 

12 

26 

3 

82 

0*35' 

Depth 

S 

86°  w 

0 32 

111 

58 

h 

102 

no* 

S 

73°  V 

0 hi 

26 

97 

5 

122 

rco* 

S 

7k°  W 

0 35 

36 

131 

6 

1U2 

i°o5' 

S 

65“  w 

0 38 

52 

165 

7 

162 

1°00* 

S 

72°  W 

0 35 

63 

198 

8 

182 

1°00* 

N 

88°  W 

0 35 

62 

233 

o 

* 

202 

1°05' 

S 

53°  w 

0 38 

85 

263 

10 

222 

l°o5' 

S 

60°  E 

0 38 

10li 

230 

11 

2U2 

i°o5‘ 

c 

65°  E 

0 38 

1U2 

227 

12 

i°o5' 

s 

0U°  E 

06 

lUQ 

227 

Closure  S 

56°  51m 

W 2.71' 

*From  reference  level  on  pipe  15  feet  above  drill  platforn,  August  22,  1950; 
too  15  feet  may  be  considered  essentially  vertical  as  far  as  August  survey 
is  concerned. 

Projected 


APPENDIX  L 


Record  of  Alumirvn  Pipe  Survey  with  Eastman  Slagle  Shot  Surrey  Instrument 


Camp 

10B,  upner 

Taku  Glacier 

Date:  February  11,  1951 

True 

Rectangular 

Measured 

Drift 

Verticle 

Drift 

Course 

Coordinates 

Depth 

Angle 

Depth 

Direction 

Deviation 

S 

E 

W 

1 

23 

o°l5* 

22  99 

S 

87°00» 

E 

0 30 

02 

30 

2 

1*3 

0°25' 

1*2  99 

S 

25°00' 

E 

0 15 

16 

36 

3 

63 

o°35' 

62  99 

S 

,5?°00' 

W 

0 20 

27 

19 

1* 

83 

1°1*5' 

82  99 

S 

75 "00* 

W 

0 61 

1*3 

l*o 

103 

2°00' 

102  97 

S 

U5°oo' 

XV 

0 ?0 

92 

89 

6 

115 

i°15' 

111*  96 

M 

75*00' 

w 

0 37 

82 

125 

7 

123 

l°35' 

122  96 

N 

87 ”00' 

VJ 

0 22 

81 

11*7 

8 

11*3 

0°50' 

11*2  96 

S 

86°00' 

w 

0 29 

83 

176 

9 

163  ■ 

1*00' 

162  96 

S 

81**00' 

w 

0 30 

87 

211* 

10 

183 

i°o5‘ 

182  96 

s 

7l*°00' 

w 

0 38 

97 

251 

11 

203 

i°o5' 

202  96 

N 

21*00' 

E 

0 38 

62 

237 

12 

215 

o°55' 

211*  96 

N 

70  °0  O' 

E 

0 19 

56 

219 

13 

223 

l*o5' 

222  96 

3 

10°00' 

W 

0 15 

71 

222 

H* 

239 

1°25' 

238  96 

S 

52°00' 

E 

o Uo 

96 

190 

15 

21x3 

1°20' 

2l*2  96 

S 

1*6*00' 

E 

o 09 

102 

181* 

Closure 

s 

o 

o 

0 

$ 

W 

2 10' 

Date.  February 

17,  1951 

N 

S 

E W 

1 

18 

0°25' 

18  00 

N 87*00' 

E 

0 13  01 

13 

2 

55 

0°l5' 

55  oo 

S 38  °00' 

W 

0 16 

12 

03 

3 

95 

2°00' 

9l*  08 

S 62  °00' 

W 

1 1*0 

78 

127 

1* 

115 

1*20* 

111*  97 

WEST 

78 

171* 

5 

131 

o°55 ' 

130  97 

S 86°00' 

w 

0 26 

80 

200 

6 

135 

1°00' 

131*  97 

S 79° 00' 

w 

0 07 

81 

20? 

? 

175 

1°00' 

171*  96 

S 77°00' 

w 

0 70 

97 

275 

8 

215 

i°o5' 

211*  95 

1J  71°00' 

E 

0 76 

72 

203 

9 

235 

1°10' 

231*  95 

3 8l°00' 

w 

0 1*1 

78 

21*3 

10 

21*2 

1*10' 

21*1  95 

S 1*2  °00' 

E 

0 11* 

88 

231* 

Closure 

S 69*23  ‘ 

W 

2 50' 

APPENDIX  L (continued) 


Record  of  Aluminum  Pipe  Survey  with  Eastman  Single  Shot  Survey  Instrument 


Camp  103,  upper  Taku  Glacier  Composite  of  February  11  and  17,  1951 


Measured 

Depth 

Drift 

Angle 

True 

Verticle 

Depth 

Drift 

Direction 

Coxtrse 

Deviation 

N 

Rectangular 
Coordinates 
S E 

w 

1 

18 

0*25' 

18  00 

N 87*00' 

E 

0 13 

01 

13 

r% 

* 

23 

o*l*5' 

23  00 

5 87*00' 

E 

0 07 

oa 

20 

3 

it3 

0°25' 

1*3  00 

S 25°00' 

E 

o 15 

13 

26 

it 

55 

0°15‘ 

55  oo 

S 38*00' 

W 

o o5 

17 

23 

5 

63 

0°35' 

63  00 

s 57°oo» 

Vi 

0 08 

21 

16 

6 

83 

1*1*5' 

82  99 

s ?5°oo» 

V 

o 6i 

37 

1*3 

7 

95 

2 °00' 

91*  98 

S 62° 00' 

w 

0 1*2 

57 

80 

8 

103 

2 °00' 

102  98 

s U5°oo' 

\v 

0 28 

77 

100 

9 

115 

1°30' 

lilt  98 

N 82*00' 

VI 

0 31 

73 

131 

10 

123 

lc35» 

122  98 

N 87°00» 

V. 

0 2? 

72 

153 

11 

131 

o*55' 

130  98 

s 86*oo» 

\J 

0 13 

73 

166 

12 

135 

1°00' 

131*  98 

S 79°00' 

w 

0 07 

71* 

173 

13 

11*3 

o°5o' 

11*2  98 

S 86*00' 

w 

0 12 

75. 

185 

lit 

163 

1°00» 

162  9 7 

S 81**00 » 

VJ 

0 38 

79 

223 

15 

175 

1°00' 

171*  97 

S 77°00' 

V) 

0 21 

81* 

2 1*3 

16 

183 

i°05» 

182  97 

S 7l*°00* 

w 

o 15 

88 

257 

17 

203 

l°o5' 

202  96 

N 21*00' 

E 

0 38 

53 

21*3 

18 

215 

1°00' 

2 lit  96 

N 70*00' 

E 

0 23 

1*5 

221 

19 

223 

i*o5' 

222  96 

S 10*00* 

W 

0 15 

60 

221* 

20 

235 

1*10' 

231*  96 

s 8l°oo* 

VJ 

0 2 it 

61* 

21*8 

21 

239 

1*25' 

238  96 

S 52*00' 

E 

0 10 

70 

21*0 

22 

2U2 

1*10* 

21*1  96 

S it2*00' 

E 

C 06 

71* 

236 

23 

21  *3 

1*20' 

2l*2  96 

S it  6 *00' 

E 

0 02 

75 

235 

2it3 

Closure 

S 72*18' 

W 

2 1*7» 

2 It 

2lt5* 

1°  20' 

2ltit  96 

S 1*6°  00 ' 

w 

05 

78 

231 

21*5' 

Closure 

S 71° 21' 

w 

2 itlt 

Projected 


